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PREFACE  TO  THE  SECOND  EDITION. 


In  the  second  edition  of  this  book  the  attempt  has  been  made 
to  embody  all  the  important  changes  in  a  new  Appendix  which 
replaces  the  old  one  and  the  chapter  on  Antiseptic  Surgery. 

In  this  new  chapter  the  author  has  aimed  to  present  in  as  prac- 
tical a  manner  as  possible  the  resources  of  surgical  pathology.  In 
addition  to  an  enumeration  of  the  scientific  aids  to  surgical  diag- 
nosis, there  is  presented  a  series  of  sections  on  what  may  be  termed 
regional  bacteriology,  in  which  are  given  a  description  of  not  only 
the  flora  of  the  affected  part,  but  also  the  general  principles  of 
treating  the  affections  which  they  produce,  based  upon  the  latest 
views  of  the  best  authorities.  It  is  hoped  in  this  way  to  make 
the  book  of  value  to  specialists  in  many  of  the  departments  of 
medicine. 

The  author  begs  to  acknowledge  his  indebtedness  to  Drs.  A.  K. 
Stone,  R.  B.  Greenough,  J.  L.  Goodale,  H,  A.  Lothrop,  Farrar 
Cobb,  Mark  Richardson,  F.  B.  Lund,  and  Mr,  Walter  Dodd  in 
the  preparation  of  this  edition, 

58  1  Boston, 


8S507 


PREFACE. 


The  scientific  portion  of  a  surgical  education  was  formerly  re- 
garded as  something  apart  and  ornamental  but  it  has  now  become 
an  eminently  practical  feature  of  the  student's  curriculum. 

No  young  practitioner  can  be  regarded  as  thoroughly  equipped 
for  surgical  work  who  is  not  both  a  good  pathologist  and  an  expert 
bacteriologist.  The  confidence  born  of  a  knowledge  of  Pathology 
id  Bacteriology  enables  him  to  assume  grave  responsibilities  and 
to  grapple  successfully  with  the  most  complicated  problems.  It  is 
from  men  thus  equipped  that  we  have  a  right  to  hope  that  the 
future  masters  of  surgery  are  to  be  evolved. 

An  attempt  is  therefore  made  in  this  book  to  associate  pathologi- 
cal conditions  as  closely  as  possible  with  the  symptoms  and  treatment 
>f  surgical  diseases,  and  to  impress  upon  the  student  the  value  of 
these  lines  of  study  as  a  firm  foundation  for  good  clinical  work. 

It  is  the  Author's  hope  that  the  following  pages  will  present  to  a 

k large  number  of  practising  physicians,  in  a  readable  form,  many 
subjects  that  received  but  little  attention  when  they  graduated. 
The  illustrations  by  Mr.  William  J.  Kaula  are,  with  one  or  two 
exceptions,  original.  The  drawings  of  microscopical  sections  are 
taken  from  specimens  prepared  for  the  purpose,  and  are  intended 
to  illustrate  as  closely  as  possible  the  results  of  modern  micro- 
scopical technique. 

The  Author  takes  this  opportunity  to  acknowledge  his  indebted- 
ness to  Dr.  Arthur  K.  Stone  for  valuable  assistance,  and  to  express 
his  appreciation  of  the  courtesy  extended  to  him  by  many  of  his 
colleagues  during  his  labors. 
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I.    BACTERIOLOGY. 

If  one  were  to  search  literature  for  the  earliest  accounts  of  the 
germ-theory  of  disease,  it  might  be  necessary  to  consult  the  oldest 
writings  of  which  we  have  any  knowledge,  for  even  among  the 
ancients  there  were  those  who  thought  that  disease  was  due  to  the 
invasion  of  the  system  by  minute  organisms.  But  it  remained  for 
Leeuwenhoek,  in  1675,  actually  to  demonstrate  with  his  rude  micro- 

c  the  presence  of  infusoria  in  the  saliva.     The  theory  of  a  can- 

\m  was  taken  up  from  time  to  time  after  that  date,  and 

Robert  Boyle,  a  prominent  writer  of  the  same  century,  maintained 

that  he   who  obtained   a  proper  comprehension  of  fermentation 

would  be  able  to  interpret  satisfactorily  the  various  phenomena  of 

ose,  particularly  of  fevers.  Spallanzani,  in  the  eighteenth 
century,  and  after  him  Gay-Lussac,  in  1810,  experimented  with 
fermentation.  Cagniard-L,atour  and  Schwann,  in  1837,  recognized 
that  alcoholic  fermentation  was  due  to  the  presence  of  a  living 
organism,  the  yeast  plant  ;  but  this  view  was  opposed  with  all  the 

ght  which  the  authority  of  Liebig  could  bring  to  bear  upon  it, 
who  believed  that  fermentation  was  of  a  purely  chemical  origin. 

In  1840,  Dr.  Farr  applied  the  term  "  zymotic  "  {";>uwm~,  a  fer- 
ment) to  certain  diseases  supposed  to  be  due  to  a  fermentative  pro- 
Ten  years  later  Davaine  demonstrated  the  bacillus  anthracis 
in  the  bodies  of  animals  which  had  died  of  splenic  fever.  It  was 
at  that  time  thought,  however,  that  disease  might  arise  de  novo, 
and  that,  although  organisms  might  be  present,  it  was  possible  that 
they  might  have  been  formed  by  "spontaneous  generation."  It 
not,  however,  until  Pasteur,  in  1858,  unveiled  the  mysteries 
of  fermentation,  and  later  disproved  the  theory  of  spontaneous 
generation,  that  the  relation  of  micro-organisms  to  disease  began 
to  be  understood,  Pasteur's  law  of  fermentation  has  been  likened 
in  its  importance  to  Newton's  law  of  gravitation.     It  is  undoubt- 
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edly  to  him  that  credit  should  be  given  for  furnishing  the  first 
reliable  data  from  which  the  modern  science  of  bacteriology  has 
been  evolved.  Davaine,  stimulated  by  Pasteur's  researches,  re- 
newed his  studies  of  the  bacillus  of  anthrax,  and  fully  identified 
the  organism  us  the  cause  of  the  disease.  This  bacillus  may  there- 
fore be  placed,  chronologically,  at  the  head  of  the  list  of  patho- 
genic bacteria. 

Pasteur  showed  also  that  putrescence  is  a  form  of  fermentation 
due  to  the  presence  of  micro-organisms,  and  he  demonstrated  that 
the  changes  taking  place  in  the  secretions  of  a  wound  were  of  a 
similar  character.  It  was  at  about  this  time  (1865)  that  Lister  began 
to  appreciate  the  bearing  of  this  scientific  work  upon  surgery,  and 
commenced  his  studies  upon  the  antiseptic  treatment  of  wounds. 
This  gave  a  powerful  impetus  to  the  study  of  the  relation  of  micro- 
organisms to  disease.  No  great  advances  were  made  at  first,  and 
much  of  the  work  done  by  Pasteur  and  his  pupils  at  that  period  in 
the  study  of  the  diseases  of  man  suffered  for  the  want  of  suitable 
methods  of  investigation.  Bacteria  were  cultivated  almost  exclu- 
sively in  liquids,  the  bouillon  of  Pasteur.  The  cut  surface  of 
potatoes  was  found  to  give  an  idea  of  the  coarse  appearance  of  the 
growths,  which  the  bouillon  failed  to  show.  When,  finally,  solid 
media  were  substituted  as  soil  for  the  growths  of  the  organisms — 
an  improvement  for  which  we  are  indebted  to  Koch,  the  great 
German  observer — the  separation  of  bacteria,  and  consequently 
their  identification,    for  the  first  time  became  possible. 

Bacteria  belong  to  the  lowest  order  of  the  vegetable  kingdom, 
and,  with  a  few  apparent  exceptions,  they  may  be  said  to  form  one 
group  of  the  fungi,  the  schizomycetes  or  fission-fungi,  in  distinction 
from  saccharomycetes  or  yeast-fungi,  which  produce  alcoholic  fer- 
mentation, and  the  mucorini  or  mould-fungi.  The  fungi  are  chiefly 
distinguished  by  the  absence  of  chlorophyll,  and  therefore  by  their 
lack  of  power  to  assimilate  inorganic  substances,  being  thus  depend- 
ent for  their  food  upon  living  or  upon  dead  organic  matter  ob- 
tained from  other  plants  or  from  animals.  Bacteria  derive  their 
name  from  $<atr$ptovl  a  rod,  which  many  of  them  resemble  in 
shape. 

The  developed  organism  is  in  form  a  cell  with  a  membrane  and 
contents,  but  no  nucleus.  The  contents  consist  of  a  more  or  less 
homogeneous  protoplasm.  This  protoplasm  possesses,  in  common 
with  the  nuclei  of  the  cells  of  the  tissues  of  the  body,  the  property 
of  being  strongly  stained  by  the  aniline  dyes.  It  is  surrounded  by 
a  delicate  membrane,  which,  according  to  Thoinot,  appears  like  a 


BACTERIOLOGY. 


J9 


condensation   of  the   peripheral   layers   of   the   protoplasm,    from 
which  it  is  with  difficulty  separated.     According  to  De  Bary,  this 

nbrane  is  a  condensation  of  the  innermost  and  most  compact 
layers  of  a  gelatinous  envelope,  and  consists  of  a  substance  closely 
allied  to  cellulose.  When  stained  with  aniline  dyes  the  difference 
between  protoplasm  and  envelope  is  not  visible,  but  by  sj  • 
methods  of  treatment  the  contents  may  shrink,  and  the  envelope 
then  becomes  more  apparent;  or,  when  treated  with  water,  the 
outer  layers  swell  up  and  their  gelatinous  nature  becomes  evident. 
The  cells  thus  appear  to  be  enclosed  in  a  capsule.  During  the 
process  of  di\  ision  this  material  holds  the  organisms  together,  and 
forma  at  times  a  zoogloea,  or  glue-like  mass,  in  which  they  are  im- 
bedded. It  is  this  material  which  may  give  the  cultures  their  form 
and  consistency  when  growing  on  solid  or  in  fluid  media.  In 
water  it  collects  at  times  in  large  masses  after  the  enclosed  bacteria 
attained  their  growth  and  have  died,  and  becomes  an  efficient 
aid  in  the  sand  filtration  of  water-supplies.  Many  of  the  bacterial 
growths  are  in  the  presence  of  oxygen  highly  colored,  being  red, 
yellow,  green,  or  blue.  According  to  some  this  coloring  matter  is 
in  the  protoplasm,  but  according  to  others  it  lies  outside  the  cells, 
as  in  the  case  of  the  bacillus  prodigiosus,  a  beautiful  red  growth, 
where  the  pigment  is  in  granules  which  have  been  exuded. 

A  considerable  number  of  the  bacteria  possess  no  movement 
whatever.  Among  these  are  the  entire  family  of  micrococci  and 
some  bacilli,  as  the  anthrax  and  tubercle  bacilli.  The  great  major- 
ity of  bacteria  are,  however,  according  to  the  conditions  under 
which  they  live,  able  to  change  from  the  motile  state  to  the  non- 
motile,  or  vice  versA.  When  examined  in  fluid  they  may  be  seen 
moving  about  in  serpentine-like  curves,  or  they  may  have  a  sort  of 
oscillating  movement  around  a  central  axis.  These  movements  of 
the  bacilli  are  supposed  by  some  to  be  effected  by  cilia  projecting 

n  different  portions  of  their  bodies,  but  these  prolongations  have 
been  shown  to  be  continuous,  not  with  the  protoplasm,  but  with  the 
cell-membrane,  and  therefore,  according  to  some  authorities,  are 
not  organs  of  locomotion.  Moreover,  many  bacilli  which  have 
active  movements  are  found  to  possess  no  cilia  whatever,  being 
propelled  bv  the  vibratory  movements  of  the  flexible  cells.  The 
oscillations  of  the  micrococci,  so  familiar  to  all  observers,  are  not 
true  movements  of  the  cells,  but  are  due  to  molecular  agitation, 
so-called   *' Brownian  movement.'1 

The  principal  forms  of  bacteria  are  the  small  globular  forms,  or 
micrococci   {xoxxo-;,  a  berry),   the  bacilli  or   staff-shaped   bacteria, 
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and  the  spirilla  or  spiral  forms.  The  shape  of  the  micrococci — or 
"  cocci/'  as  they  are  often  called — is  usually  round,  although  some 
have  a  more  or  less  oval  contour.  There  are  certain  prefixes  to  the 
noun  coccus  that  indicate  the  different  groupings  which  this  variety 
of  bacteria  take  in  their  growth.  Thus  if  the  cocci  tend  to  form  in 
pairs*  or  two  cocci  are  seen  still  connected  together,  they  are  termed 
"diplococci;"  those  arranged  in  single  rows  of  "chains"  are  called 
"streptococci  ;"  and  those  grouped  together  in  grape-like  bunches 
are  called  "staphylococci."  The  long,  staff-shaped  bacteria  are 
known  as  "bacilli"  {bati/Iitsy  a  rod).  When  unusually  long  they 
have  a  slightly  undulating  shape,  and  are  then  known  as  "  lepto- 
thrix"  {Lptothrix  bttccalis).  Under  the  head  of  "spirilla"  are  in- 
cluded those  bacteria  which  take  the  form  of  an  arc  of  a  circle  or  of 
a  spiral.  The  "comma  bacilli  "  of  cholera  are  included  in  this  cat- 
egory. There  are  in  bacteriological  nomenclature  a  great  variety  of 
terms  which  are  hardly  worth  studying,  as  some  of  them  have  been 
discarded  altogether,  and  about  others  little  will  be  heard  in  labora- 
tory-work.    The  two  principal  forms  seen  in  the  different  varieties 

f  surgical  bacteria  are  the  micrococci  and  the  bacilli. 
Nageli  attached  little  importance  to  form  :  he  believed  that 
cteria  might  not  only  change  their  shape  from  time  to  time,  but 
in  the  course  of  years  and  under  varying  conditions  also  change  in 
their  pathogenic  qualities.  The  same  species,  he  believed,  might 
at  one  time  be  concerned  in  the  different  forms  of  fermentation,  at 
another  in  the  decomposition  of  albuminous  substances,  or  in  typhus, 
cholera*  or  intermittent  fever.  The  present  opinion  is  that  bacteria 
are  divided  into  a  limited  number  of  varieties  according  to  their 
action  and  form,  but  these  varieties  are  never  changed  into  other 
forms.  The  possibility  of  such  a  change  from  a  harmless  variety 
to  a  most  malignant  type,  as  Buchner  supposed  in  the  case  of  the 

ay  and  anthrax  bacilli,  is  now  understood  to  have  been  due  to 
ipurities  of  culture.  Slight  changes  in  form  and  appearance 
may  be  brought  about  by  methods  of  preparation,  staining,  or  cul- 
ture. The  organism  may  van-  also  in  appearance  with  age  and 
activity,  but  there  ifl  nevertheless  a  form  which  it  always  preserves 
as  the  type  of  its  normal  development 

Bacteria  multiply  cither  by  division  of  the  cells  into  two  equal 

a  Ives — that  is,  by  "fission" — or  by  spore-formation.  When  a 
coccus  divides,  it  becomes  elongated  or  oval  in  shape,  the  middle 
portion  becomes  slightly  contracted,  and  a  delicate  line  appears 
between  the  two  portions  thus  indicated.  This  line  of  division 
subsequently  swells,  and  develops  into  a  new  membrane  for  each 
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of  the  daughter-cells  thus  formed.  If  the  mother-cell  is  orig 
ally  separated  from  other  cells,  this  division  forms  the  so-called 
*idiplococcus.',',  If,  on  the  contrary,  a  number  of  cocci  are  attached 
to  one  another  and  remain  so  during  division  in  a  linear  direction, 
we  have  the  "streptococcus11  formation.  If  the  fission  takes  place 
in  two  directions  perpendicular  to  one  another,  we  have  as  a  result 
an  arrangement  of  the  cells  such  as  is  seen  in  the  micrococcus 
tetragenus.  If,  however,  segmentation  takes  place  in  different 
directions  in  the  different  cells,  then  we  obtain  the  grouping  of 
cells  characteristic  of  the  "staphylococcus."  Bach  form  of  micro- 
coccus develops  according  to  one  of  these  methods  alone,  and  never 
varies  in  its  mode  of  growth.  The  bacilli  elongate  slowly  before 
fission,  but  the  division  of  this  form  is  not  so  easily  recognized  as 
that  of  the  cocci. 

A  number  of  bacilli  and  a  few  spirilla,  after  going  through  dif- 
ferent stages  of  development,  ultimately  undergo  sporulation  before 
the  cell  is  finally  destroyed.  When  sporulation  takes  place,  the 
protoplasm  seems  to  shrink  together  at  certain  points  into  denser 
masses,  that  may  grow  in  a  few  hours  to  an  oval,  a  round,  or  even 
a  staff-like,  structure,  which  refracts  the  light  more  strongly  than 
the  surrounding  protoplasm.  The  spore  thus  formed  possesses  an 
extremely  dense  enveloping  membrane,  which,  like  the  covering 
of  vegetable  seed,  protects  it  from  external  influences  until  it  can 
find  conditions  favorable  for  future  growth.  The  cell  is  some- 
what distended  by  the  spore,  which  may  occur  either  in  the  middle 
or  at  the  pole.  While  the  spore  is  growing  the  protoplasm  disap- 
pears, and  a  clear,  refractive  material  takes  its  place.  When  it  has 
reached  its  full  development,  the  cell-membrane  undergoes  a  gelat- 
inous softening,  the  cell  breaks  up,  and  the  spore  becomes  free. 
There  is  usually  only  one  spore  to  each  cell  ;  as  to  the  nature  of  its 
contents  nothing  is  really  known.     The  vitality  of  the  spore  is 

vii  by  the  fact  that  it  will  resist  a  temperature  more  than  double 
that  which  suffices  to  destroy  the  bacillus.  When,  however,  the 
spore  begins  to  develop  into  a  bacillus,  it  loses  its  tough  envelope, 
elongates,  and  assumes  the  appearance  of  the  mother-cell  from 
which  it  escapes.  At  this  period  it  is  much  more  easily  destroyed 
even  than  the  bacillus,  which  when  full  grown  has  of  course  a 
much  stronger  membrane  than  the  newly-formed  organism.     The 

iitions  most  favorable  to  spore-formation  are  those  under  which 
the  nutriment  for  the  bacilli  has  been  exhausted  and  they  are  about 
to  die.  The  cells  may  then  leave  behind  them  the  seed  for  a  future 
growth. 
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Bacteria,  like  all  vegetable  cells  which  do  not  contain  chlo- 
rophyll, being  unable  to  obtain  for  themselves  sustenance  from 
inorganic  materials  in  the  air  or  in  the  soil,  grow  only  where 
organic  material  is  present  for  their  nourishment.  They  are  to  be 
found  where  organized  life  exists,  except  in  the  interior  of  the 
healthy  organs  of  the  body— in  the  air,  in  soil,  in  water,  in  cloth- 
ing, on  the  surface  of  our  bodies,  and  in  the  intestinal  canal.  They 
grow  best  in  alkaline  or  neutral  media,  and  multiply,  under  favor- 
able conditions,  with  the  most  astounding  rapidity  :  according  to 
Culm,  a  bacterium  divides  into  two  in  the  space  of  an  hour,  then 
into  four  at  the  end  of  a  second  hour,  and  into  eight  at  the  end  of 
three  hours.  In  twenty-four  hours  the  number  will  amount  to 
more  than  16,500,000.  "At  the  end  of  two  days  this  bacterium 
will  have  multiplied  to  the  incredible  number  of  281,500,000,000. 
....  The  bacteria  issuing  from  a  single  germ  would  fill  the  ocean 
in  five  days.11  Fortunately,  the  special  conditions  under  which  thev 
can  grow  do  not  permit  of  any  such  rapid  development.  It  is  chiefly 
in  dead  organic  substances  that  they  find  this  favorable  soil.  It  is 
now  well  understood  that  the  process  of  decomposition  is  not  only 
accompanied  by  them,  but  that  through  them  alone  it  is  also  begun 
and  carried  on.  To  quote  Colin  again  :  "  Without  the  activity  of 
bacteria  all  created  things  would  retain  their  form  and  structure 
after  death  as  well  as  the  Egyptian  mummies,  or  the  wrecks  sunk 
in  the  Dismal  Swamp,  or  the  bodies  of  the  mammoth  and  rhino- 
ceros frozen  for  untold  thousands  of  years  in  Siberian  ice  with 
uninjured  hair  and  hide.'* 

Those  bacteria  which  are  concerned  in  the  decomposition  of 
dead  substances  of  organic  origin  are  called  "saprophytic'*  or 
"saprogenic"  (from  oar.obz,  putrid).  A  small  number,  however, 
grow  in  the  living  bodies  of  higher  organisms.  These  develop  at 
the  expense  of  the  tissues,  and  are,  therefore,  genuine  parasitic 
organisms,  whence  they  derive  their  name.  Inasmuch  as  their 
presence  in  the  body  causes  a  morbid  condition,  they  are  generally 
called  "pathogenic  bacteria."  Most  of  the  parasitic  organisms 
are,  however,  capable   of  growing   in   decomposing  matter,    and 

■therefore  may  be  saprophytic. 
In  general  it  may  be  said  that  bacteria  develop  best  at  temper- 
atures varying  from  300  to  40°  C.  There  is  little  growth  below 
30  C.  or  above  400  C.  The  saphrophytic  forms  prefer  a  tempera- 
ture of  about  240  C.  ;  the  pathogenic  organisms  grow  best  at  or 
near  the  temperature  of  the  body. 

In  studying  the  fermentations   Pasteur  discovered  that  certain 
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organisms  could  live  without  oxygen,  and  these  he  called  anah 
while  other  Ac  to  multiply  only  in  the  presence  of  air.    The 

latter  he  called  in  robic. 

The  greater  portion  of  the  bacteria  are  aerobic,  a  slight  dimi- 
nution in  the  amount  of  oxygen  being  sufficient  to  prevent  their 
development.  Others,  however,  can  grow  well  in  media  rich  in 
oxyggeil]  but  are  able  also  to  grow  where  there  is  no  oxygen.  The 
latter  are  sometimes  called  the  4k  facultative-aerobic  bacteria."  Most 
of  the  pathogenic  bacteria  belong  to  tins  variety.  The  oxygen  in 
the  body,  with  the  exception  of  the  lungs,  is  not  present  in  1 
quantities,  and  what  little  is  found  there  is  soon  consumed.  As  illus- 
trating the  action  of  the  two  kinds  of  bacteria,  it  may  be  well  to 
give  the  following  summary  of  Pasteur's  theory*  of  fermentation 
in  decomposition: 


The  process  begins  some  twenty- Tour  liours  before  outward  manifestations 
are  perceptible  During  this  time,  the  bacteria  (or  the  microbes,  as  Pasteur 
prefers  to  call  themi  fall  upon  the  fluid,  arid  the  aerobic  forms  multiply  with 
great  mpidity,  absorbing  all  the  oxygen  in  the  fluid.  Owing  to  their  great 
numbers,  the  fluid  becomes  cloudy.  Jf  the  fluid  is  so  shut  off*  that  oxygen 
cannot  get  at  it,  the  aerobic  forins  die  and  arc  deposited  at  the  bottom  of  the 
vessel.  When  all  the  oxygen  is  used  up,  the  anaerobic  begin  to  develop,  and 
the  process  of  decomposition  advances  in  a  corresponding  ratio.  If  air  is 
admitted,  the  aerobic  organisms  form  a  scum  (mycodemia)  on  the  sin 
and  gradually  shut  off  all  access  of  oxygen,  so  that  the  other  variety  may  be 
able  to  de\felop.  Mould-fungi  may  he  found  in  this  layer.  Two  chemical 
processes  are  going  ou  in  the  mean  time,  owing  to  the  action  of  the  two 
varieties.  The  anaerobic  cause  a  fermentation  in  the  deeper  parts  by  chang- 
iie  nitrogenous  compounds  into  simpler  but  still  complex  combinations, 
while  the  aerobic,  living  at  the  expense  of  free  oxygen,  decompose  these 
combinations  still  further  until  they  are  reduced  to  the  simplest  binary  com 
•  ions,  water,  carbonic  acid,  and  ammonia.  Although  true  fermentation 
is  due  to  an  organism  that  does  not  feed  on  oxygen,  yet  the  process  wii 
on  better  when  free  access  of  air  is  given,  as  this  provides  for  the  aerobic 
form,  which  is  essential  for  the  beginning  and  end  of  the  process.  If  the 
decomposition  is  fully  completed,  the  organisms  die,  and  their  remains  will 
be  destroyed  by  other  bacteria;  and  this  process  will  go  on  until  the  organic 
material  is  completed  separated   into  the  constituents  of  the  atmospheric 

!   mineral  kingdoms. 

Light  has  also  an  influence  upon  the  growth  of  bacteria;  that  is, 
the  presence  of  sunlight  is  distinctly  unfavorable  to  their  develop- 
ment. 

Very  important  factors  in  the  etiology  of  surgical  diseases  are 
the  chemical  products  of  the  micro-organism,  whether  developed 
inside  or  outside  the  body.  The  saprophytic  bacteria,  although 
they  are  nonpathogenic,  may  produce   powerful  poisons  by  setting 
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up  decomposition  in  necrosed  fragments  of  tissue.  As  decompo- 
sition is  not  a  specific  process,  but  a  general  expression  for  a 
multitude  of  different  chemical  combinations,  it  is  not  surprising 
that  there  should  be  formed  a  large  number  of  chemical  sub- 
stances the  nature  of  which  is  stitl  quite  imperfectly  understood. 
Most  prominent  among  those  who  have  studied  the  substances  are 
Selmi  and  Brieger,  who  have  given  the  name  ptomaines  (fffw/tt,  a 
lead  body)  to  substances  developed  during  these  processes.  Ab- 
sorbed into  the  body,  the  ptomaines  give  rise  to  that  class  of  infec- 
tion known  as  u  putrid  intoxication,**  or  sapraemia.  Among  the 
ptomaines  is  the  sulphate  of  sepsin,  described  by  Bergmann. 
Selmi  has  described  a  series  of  alkaloids  obtained  from  decompos- 
ing substances,  which  alkaloids  resemble  atropine,  morphine,  and 
curare  in  their  physiological  action;  and  Nencki  has  obtained  a 
substance,  the  so-called  "collidiu,"  which  produces  a  similar  effect. 
Brieger  has  added  to  these  substances  cadaverin,  putrescin,  and 
several  others.  Some  of  Brieger' s  ptomaines  produced  the  most 
profound  toxic  disturbance,  and  others  are  more  or  less  harmless. 
To  the  former  class  probably  belong  the  "toxines."  The  term 
ptomaine,  however,  is  now  largely  used  to  indicate  all  products  of 
bacterial  growth.  Some  of  these  substances  have  a  deleterious  in- 
fluence upon  the  micro-organisms  themselves.  During  the  process 
of  certain  fermentations  acids  are  sometimes  developed  that  check 
further  bacterial  growth,  and  the  process  of  fermentation  comes  to 
a  standstill.  More  will  be  said  upon  this  subject,  however,  when 
studying  the  process  of  infection.  Leucomaines  are  animal  alkaloids 
which  result  from  tissue-metabolism  in  the  body  independently  of 
bacteria.     Their  r61e  in  pathology  is  not  yet  well  defined. 

In  addition  to  the  chemical  products  of  fermentation,  putrefac- 
tion, and  infection  there  may  be  pigmcut-jhrmainm.  The  organ- 
isms which  produce  these  substances  are  known  as  14  chromogenic 
bacteria,"  having  been  classified  by  themselves  by  some  writers. 
They  probably  do  not  directly  form  this  pigment,  but  a  basic  sub- 
stance, which  subsequently,  by  contact  with  oxygen  or  chemical 
substances  in  the  media  in  which  the  bacteria  are  growing,  pro- 
duces the  characteristic  color.  Other  bacteria  produce  phosphores- 
cences, but  with  both  of  these  varieties  surgeons  have  little  to  do. 

The  anaerobic  bacteria  have  a  decided  tendency  to  produce 
gas- formation,  the  nature  of  which  is  not  yet  understood.  The 
cholera  bacteria  when  cultivated  have  a  peculiar  odor,  and  those 
of  decomposition  may  be  present  even  in  pure  cultures  of  many 
forms  of  bacteria. 
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We  come  now  to  the  study  of  these  organisms,  but  all  that 
will  be  attempted  here  will  be  to  give  a  general  idea  of  the  best 
methods  now  in  use  in  bacteriological  laboratories.  For  details 
of  this  part  of  the  subject  the  reader  is  referred  to  the  text-books  of 
Frankel  and  Baumgarten  in  the  German  language,  Cornil  and  Babes 
in  the  French  language,  and  Sternberg's  Manual  of  Bacteriology. 

Before  the  methods  now  in  use  were  adopted  it  was  extremely 
difficult  to  see  the  very  minute  organisms  under  the  microscope. 
In  the  process  of  staining  and  preparing  a  thin  section  every- 
thing was  done  to  bring  out  as  clearly  as  possible  the  anatomical 
elements  of  the  tissues.  The  magnifying  power  used  was  suf- 
ficiently high  for  examining  cells  and  fibres;  higher  powers  cut  off 
the  light  and  made  the  picture  obscure.  There  was  obtained  by 
the  methods  then  employed  a  good  view  of  what  is  called  the 
"structure  picture;"  that  is,  the  anatomical  structure  of  the  spe- 
cimen was  satisfactorily  observed.  Now,  in  order  to  see  bacteria 
properly,  the  specimen  must  be  so  arranged  as  to  see  as  little  as 
possible  of  the  structure  picture.  These  details  are  seen  because 
their  refractory  power  is  different  from  the  fluid  in  which  the  sec- 
tion lies.  If  the  refracting  powers  were  the  same,  these  objects 
would  not  be  seen.  The  elimination  of  the  structure  picture  is 
accomplished  by  the  Abbe  condenser,  which  is  placed  beneath  the 
object  and  between  it  and  the  mirror.  In  this  way  many  more  rays 
are  collected  and  focused  on  the  object  than  those  thrown  by  the 
mirror  alone.  The  field  of  vision  is  flooded  with  light  even  when 
very  high  powers  are  used,  and  the  structure  picture  now  disap- 
pears. If  at  any  time  it  is  desired  to  make  the  tissues  more  apparent, 
all  that  is  necessary  to  do  is  to  cut  off  some  of  the  rays  with  the 
diaphragm,  and  a  return  can  then  be  made  to  the  conditions  which 
existed  when  no  condenser  was  used.  The  bacteria  must  be  colored 
very  deeply  or  they  will  also  be  obscured.  The  staining  fluids  in  use 
in  1870  were  principally  carmine  and  hematoxylin.  These  fluids 
stained  nuclei  well,  but  they  also  stained  the  other  elements  of  the 
tissue,  and  had  but  little  if  any  power  to  stain  bacteria.  When  the 
aniline  dyes  were  tried  a  few  years  later,  it  was  found  possible  to 
color  the  nuclei  of  the  cells  and  the  bacteria  with  great  perfection. 
The  picture  thus  obtained  is  called  the  "color  picture."  If  now 
desired  to  obtain  the  color  picture  alone,  the  condenser  must 
be  used  without  any  diaphragm,  but  if  it  is  desired  to  examine  the 
structure  of  an  uucolored  section,  if  the  condenser  is  used  there 
must  be  employed  the  narrowest  diaphragm  in  order  to  bring  out 
the  details. 


But  it  is  not  always  necessary  to  stain  bacteria  in  order  to  see 
them,  and  they  can  be  examined  in  liquids  also.  Supposing  it  is 
desired  to  examine  a  flask  containing  bouillon  in  which  bacteria 
are  growing.  A  platinum  loop,  previously  passed  through  the 
flame  of  a  Bunsen  burner  and  allowed  to  cool,  is  dipped  into  the 
solution,  and  a  minute  drop  is  carried  on  its  point  to  a  careful  1\  - 
cleaned  cover-glass.  The  fluid  must  be  spread  out  over  the  cover- 
glass  so  as  to  form  a  thin  and  even  film.  The  glass  is  then  turned 
over  and  laid  upon  the  object-glass  very  carefully,  so  that  no  air- 
bubbles  or  dry  places  are  allowed  to  remain.  The  thinnest  possible 
capillary  layer  of  fluid  should  lie  between  the  two  glasses. 

If  the  organisms  to  be  examined  are  growing  on  a  solid  culture- 
soil,  a  drop  of  distilled  water  is  first  placed  on  a  cover-glass,  and 
a  small  fragment  of  the  culture  is  removed  on  the  point  of  the 
platinum  needle  and  rubbed  up  in  the  water.  The  glasses  are 
arranged  as  before  :  a  high  power  and  immersion  must  be  used 
with  a  medium  diaphragm.  The  bacteria  will  be  seen  moving 
about  in  the  liquid.  This  method  is  used  chiefly  for  the  purpose 
of  determining  whether  a  specimen  contains  micro-organisms  or 
not.  The  liquid  cannot  be  preserved  for  any  length  of  time,  for 
it  soon  dries  up.  The  "hanging-drop"  method  obviates  this  dif- 
ficulty. A  drop  of  the  fluid  is  obtained  by  a  loop  with  due  pre- 
cautions, and  is  placed  upon  the  centre  of  the  cover-glass.  A  little 
vaseline  is  painted  around  the  outer  border  of  the  cover-glass, 
which  is  then  turned  over  and  placed  upon  a  hollowed-out  object- 
gfa«.  The  vaseline  seals  up  the  chamber  thus  formed.  Dry  cul- 
tures can  be  examined  in  this  way  as  well  as  fluid  cultures.  The 
fewer  organisms  there  are  in  the  drop  the  better.  The  border  of 
the  drop  is  the  best  part  to  study,  as  many  bacteria  will  become 
attached  to  the  edge  of  the  drop,  and  will  not,  therefore,  be  so 
active  in  their  movements.  The  form  and  size  of  the  bacterial 
cell  can  well  be  studied  in  this  way,  and  the  preparations  can  be 
preserved  for  some  time,  cultures  being  taken  from  them  later. 
The  principal  object  of  this  method  is  to  study  the  motility  of  the 
bacteria. 

The  commonest  way  of  examining  bacteria  is  by  some  one  of 
the  usual  staining  methods.  It  is  well  to  remark  here  that  most 
varieties  of  organisms  have  not  any  special  staining  reaction  pecu- 
liar to  themselves,  but  can  be  stained  by  the  ordinary  cover-glass 
and  aniline-dye  method. 

The  aniline  dyes  are  derived  from  coal-tar  products.  Those 
most  frequently  used   are   the  basic  dyes,   such  as  gentian-violet. 


methyl- violet,   methyl-blue,    fuchsiu,   and   Bismarck-brown.     The 
element  in  them  that  holds  the  coloring  matter  is  of  a  basic  cha- 
racter.   The  acid  dyes,  as  eosin  and  acid  fnchsin,  are  used  to  obtain 
a  diffused  contrast  stain  in  the  tissues. 

With  the  basic  dyes  an  excellent  * '  color  picture  can  be  obtained. " 
The  acid  dyes  bring  out  not  only  the  nuclei  of  the  cells  of  the  tis- 
sues, but  their  protoplasm   also,  and  therefore  produce  more  of  a 
nicture  picture,"  while  the  bacteria  are  hardly  stained  at  all. 
The  dyes  seem  to  color  the  bacteria  by  virtue  of  a  chemical  action. 
They  are  usually  dissolved  in  concentrated  alcohol  by  shaking  up  an 
ess  of  the  powder  in  alcohol  and  allowing  it  to  stand  and  settle, 
and  tin.-  fluid  is  then  filtered  immediately  before  use.     These  solu- 
s  are  kept  on  hand  and  are  diluted  for  use.      A  flask  should  be 
filled  two-thirds  with  distilled  water,  and  the  alcoholic  solution  is 
then  added  drop  by  drop,  as  long  as  the  fluid  in  the  flask  remains 
transparent. 
Gentian- violet  is  a  strong  and  very  desirable  coloring  agent,  but 
mi  easily  overstain. 

Methyl-violet  is  less  powerful,  but  also  less  durable. 
Fuchsia  is  one  of  the  finest  coloring  agents :  it  does  not  over- 
r  and  is  very  durable. 

narck-brown,  which  colors  slowly,  is  usually  employed  as  a 
diffuse  stain,  and  it  would   probably  not  be  used  at  all  except  that 
rs  very  suitable  for  photographs'. 

Many  of  the  dyes  can  be  reinforced  and  finer  details  can  be 
brought  out  when  desired  by  the  addition  of  mordant  substances, 
such  as  alum  and  carbolic  acid.  Ziehl's  solution,  used  for  this 
purpose,   consists  of  the  following  ingredients : 

Heating  the  solution  during  the  staining  process  also  makes  the 
coloring  more  intense  and  durable.     A  liigh  degree  of  heat  is,  how- 

Iever,  not  suitable  for  sections,  but  rather  for  dried  specimens  on 
the  cover-glass,  as  will  presently  be  seen. 
If  the  preparation  has  been  too  deeply  or  generally  stained,  the 
excess  can  be  removed  by  washing  out  in  water  or  in  alcohol.  A 
weak  solution  of  acetic  acid  may  be  employed  for  this  purpose. 
One  of  the  best  ways  of  demonstrating  the  presence  of  bacteria 
in  tissues  is  that  known  as  "Grants  method."     The  preparation 
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is  first  placed  for  one  or  two  minutes  in  a  solution  of  gentian-  or 
methyl-violet  in  aniline-water.  It  is  then  placed  for  one  minute 
in  the  following  solution  :  iodine,  i  part ;  iodide  of  potash,  2  parts  ; 
distilled  water,  300  parts.  This  solution  forms  with  the  dye  a 
deposit  confined  entirely  to  the  bacteria.     The  preparation  is  now 

(placed  in  absolute  alcohol  until  it  appears  colorless  to  the  11 
eye.  The  alcohol  is  removed  with  blotting-paper,  and  the  speci- 
men is  finally  mounted  in  Canada  balsam.  This  is  considered  one 
of  the  best  methods  of  staining  for  those  bacteria  which  it  does  not 
decolorize.  If  desirable  there  can  now  be  obtained  a  staining  of 
the  tissues  with  carmine  or  eosine,  and  thus  ua  double  staining'* 
be  accomplished,  the  bacteria  being  of  a  deep-blue  color,  while 
the  tissues  have  the  contrasts  which  the  different  shades  of  red 
afford.  This  method,  though  difficult  in  execution  and  inapplica- 
ble to  many  forms  of  bacteria,  gives  excellent  results  in  those  cases 
to  which  it  is  adapted,  and  the  inability  of  a  bacterium  to  take  this 
stain  is  often  of  diagnostic  value. 

Supposing,  now,  it  is  desired  to  examine  the  blood,  or  the  juices 
of  internal  organs,  or  .sputa  for  bacteria,  or  a  culture,  and  to 
employ  the  staining  process — for  uncolored  preparations  are  of 
little  or  no  use  to  the  bacteriologist — the  first  step  is  to  spread  out 
a  minute  portion  of  the  substance,  as  has  already  been  shown, 
upon  the  cover-glass  with  a  sterilized  platinum  needle.  To  make 
the  layer  as  thin  and  even  as  possible  a  second  cover-glass  is  placed 
over  the  first  and  the  two  glasses  rubbed  gently  together.  When 
separated  by  carefully  sliding  apart  the  glasses  afford  two  prepara- 
tions. They  must  now  be  laid  down  with  the  specimen  uppermost, 
and  be  protected  by  a  bell-glass  while  drying.  One  of  the  great 
difficulties  in  staining  such  a  dried  specimen  is  that,  as  soon  as  the 
dye  is  allowed  to  come  in  contact  with  it,  the  albuminous  portions, 
if  such  are  present,  swell  up  and  become  fluid  again,  and  precipi- 
tate particles  of  colored  matter  which  ruin  the  preparation.  This 
is  overcome,  however,  by  heating  the  cover-glass  by  passing  it 
through  a  flame  of  a  Bunsen  burner  three  times  quickly,  the  prep- 
aration being  uppermost.  This  heating  does  not  seem  to  interfere 
at  all  with  the  form  or  with  the  staining  power  of  the  bacteria, 
and  it  fixes  the  specimen  upon  the  cover-glass.  The  coloring  fluid 
selected  is  next  dropped  upon  the  specimen,  which  is  afterward 
washed  in  distilled  water,  and  the  specimen  is  now  ready  for 
mounting.  The  preparation  may  be  made  upon  the  slide  instead 
of  upon  the  cover-glass,  and  be  examined  without  the  intervention 
of  any  cover-glass.     This  gives  greater  facility  of  manipulation, 
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and  the  slide  can  readily  be  cleansed  if  a  permanent  specimen  is 
not  desired,  but,  if  this  be  done,  gTeat  care  must  be  taken  of  the 
iens. 

There  are  one  or  two  modifications  worth  mentioning.  If  it  is 
desired  to  remove  any  haemoglobin  present,  the  glass  should,  after 
drying,  be  placed  for  a  few  seconds  in  a  1  to  5  per  cent,  solution  of 
acetic  acid,  and,  after  washing  in  distilled  water,  be  dried  again 
before  staining.  If  it  is  desired  to  clear  up  the  specimen  so  that  the 
cells  shall  not  be  visible  under  the  microscope,  there  can  also  be  used 
the  acid,  or,  better  still,  two  or  three  drops  of  a  $$  per  cent,  solu- 
tion of  potash  or  soda  in  a  watch-glass  of  distilled  water.  This 
leaves  the  contours  of  the  nuclei  still  faintly  visible.  Masses  of 
fat  are  undesirable  in  such  specimens  for  they  confuse  the  picture 
and  are  likely  to  give  deceptive  imitations  of  bacteria,  owing  to 
the  crystals  which  form.  This  material  is  disposed  of  by  heating 
the  cover-glass  after  allowing  a  drop  of  the  dilute  potash  to  fall 
upon  the  specimen.  The  fat  is  then  dissolved  and  becomes  invis- 
ible. The  same  purpose  can  be  effected  by  dipping  the  specimen 
in  chloroform  and  afterward  in  alcohol.  The  specimen,  when  satis- 
factorily prepared,  may  be  mounted  in  water,  and  Frankel  strongly 
recommends  this  to  be  done,  as  the  shape  of  the  bacteria  is  thus  pre- 
served and  their  membranes  are  better  shown.  If  it  is  necessary 
to  mount  them  in  a  permanent  shape,  the  specimens  can  be  placed 
in  Canada  balsam,  dissolved  in  xylol  rather  than  in  chloroform, 
as  the  latter  robs  the  bacteria  of  the  coloring  matter  and  the  speci- 
men quickly  fades. 

It  is  exceedingly  difficult  to  stain  spores.  By  the  ordinary 
methods  of  staining  spores  remain  uncolored  and  appear  as  highly- 
etive  bodies,  which  are  better  seen  in  recent  cultures,  owing 
to  the  contrast  with  the  highly-colored  protoplasm  of  the  young 
bacilli.  Spores  may,  however,  be  stained  if  they  are  exposed  for 
some  time  to  heat.  The  cover-glass  containing  the  specimen  to  be 
stained  may  be  placed  in  a  hot-air  oven  at  a  temperature  of  1200  C 
for  an  hour,  or  at  a  higher  temperature  for  a  shorter  time,  or  it 
may  be  passed  eight  or  ten  times  through  the  flame  of  a  Bunsen 
burner.     The  spores  may  then  be  stained  with  an  aqueous  solution 

ichsin   or  methyl-violet.      Tliis   method  so  injures  the  bacilli 
they  do  not  color  as  well   as  usual.     If  a  double  staining  is 

red,   Moller's  method  may  be  used. 

According  to  Moller.  the  material  is  placed  on  a  cover-glass,  and  is  allowed 
I  is  then  passed  three  times  through  a  flame,  or  is  left  for  two  min- 
utes in  absolute  alcohol  ;  it  is  then  placed  in  chloroform  for  two  minutes  and 
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washed  in  water,  and  afterward  from  half  a  minute  to  two  minutes  in  a  5  per 
cent,  solution  of  chromic  acid,  and  again  washed  in  water  ;  a  solution  of  out* 
bolic  fuchsia  l  18  now  poured  over  the  i^lass,  which  is  heated  in  a  flame  until 
boiling  occurs  for  sixty  seconds,  when  the  solution  is  poured  off  and  the 
preparation  is  decolorized  in  a  5  per  ceut.  solution  of  sulphuric  acid  and 
washed  in  water.  It  is  next  placed  in  an  aqueous  solution  of 'methylenc-blue 
or  of  malachite-green,  and  again  washed  in  water.  The  preparation  is  now 
dried  and  mounted  in  balsam.  The  spores  are  stained  dark  red,  and  the 
protoplasm  of  the  bacilli  is  blue  or  green. 

To  prepare  pathological  specimens  for  bacteriological  study  the 
portions  to  be  examined  should  be  cut  into  pieces  about  half  an 
inch  square  and  placed  in  absolute  alcohol.  The  alcohol  must  be 
changed  once  or  twice,  and  at  the  end  of  a  few  days  the  specimens 
are  ready  for  the  section  cutter.2  The  sections  can  be  taken  out  of 
water  or  alcohol  and  placed  in  a  dilute  coloring  fluid  for  from  five 
minutes  to  an  hour  or  more.  They  are  then  placed  in  acidulated 
water  or  in  60  per  cent,  alcohol  to  remove  the  excess  of  coloring 
matter;  they  are  washed  afterward  in  water,  which  must  be  re- 
moved by  alcohol  before  placing  the  sections  in  oil  of  cloves,  or, 
better,  in  oil  of  cedar,  whence  they  are  taken  and  permanently 
mounted  in  Canada  balsam.  If  a  section  is  overstained,  washing 
in  alcohol  will  remove  the  superfluous  color  better  than  water. 
Alcohol  is  sometimes  too  powerful  in  its  bleaching  effects,  and  it 
is  therefore  desirable  to  remove  the  water  by  evaporation  before 
placing  the  section  in  oil.  If  it  is  desired  to  make  a  double  stain- 
ing, Bismarck-brown  in  weak  solutions  or  picrocarmine  may  be 
used.  Frankel  thinks  it  is  better  to  reverse  the  process;  that  is, 
to  stain  the  nuclei  first  and  the  bacteria  afterward.  It  requires 
considerable  experience  to  distinguish  readily  all  objects  which  aTe 
of  non-bacterial  origin,  but  closely  resembling  micro-organisms. 

Examination  with  the  microscope  alone  would  not  have  accom- 
plished a  great  deal  in  the  science  of  bacteriology.  It  was  neces- 
sary at  first,  in  order  to  preserve  live  bacteria  for  study,  that  a 
medium  should  be  provided  in  which  they  could  grow.  Although 
Pasteur  accomplished  a  great  deal  with  his  bouillon  culture-fluids, 
it  was  found  that  there  were  certain  disadvantages  inherent  in  this 
method  of  investigation  that  offered  obstacles  to  further  progress. 
The  facility  which  a  fluid  offers  for  indefinite  growth  in  every 
direction  makes  it  exceedingly  difficult  to  separate  the  different 
varieties  of  bacteria  from  one  another.  This  differentiation  was 
attempted  by  taking  an  exceedingly  small  quantity  from  one  flask 
and  placing  it  in  a  fresh  flask,  and  later  repeating  the  same  opera- 

1  See  rage  57,  Surgical  Bacttna.  *  See  Appendix. 


,  until  finally  the  dilution  was  so  great  that  but  one  organism 

was  found  in  each  drop,  and  the  special  form  was  thus  obtained. 

The  slightest  error  in  the  process,  however,   speedily  reproduced 

an  impure  culture.    It  was  Koch's  great  merit  to  have  systematized 

the  first  rude  attempts  to  grow  bacteria  on  solid  culture-media  and 

to  bring  the  art  of  culture  to  its  present  state  of  excellence,  though 

undoubtedly  we  are  as  yet  but  upon  the  threshold  of  this  new  field 

of  science. 

The  great  advantage  of  the  solid-culture  method  lies  in  the 
opportunity  which  it  gives  to  isolate  the  different  varieties  of  bac- 
teria from  one  another.  Having  accomplished  this,  bacteria  can 
now  be  planted  rapidly  from  fresh  growths  until  the  organism  has 
ssed  through  several  generations,  with  the  certainty  that  there 
will  result  a  growth  which  is  not  only  a  particular  kind  of  bacteria, 
but  one  that  has  now  become  entirely  disassociated  from  the  orig- 
tial  source  from  which  it  was  taken.  To  provide  a  suitable  soil  the 
soil  must  not  only  contain  those  ingredients  which  bacteria  need 
for  their  growth,  but  it  must  also  resemble,  as  nearly  as  it  can  be 
made,  the  chemical  constitution  of  those  tissues  which  the  organ- 
attacks.  It  is  also  absolutely  necessary  that  the  material  used 
tOOSt  entirely  be  free  from  organisms  of  any  kind,  and  that  it 
must  be  sterilized  thoroughly.  For  fluid  culture-media  a  watery 
extract  of  meat  or  a  bouillon  is  used  ;  for  the  solid  culture-media 
an  admixture  of  gelatin,  or  a  Japanese  substance  known  as  "agar- 
agar,*1  or  coagulated  blood-serum,  potato,  or  egg-albumin,  etc.,  is 
employed. 

Sterilization  of  culture-media  is  a  most  important  feature  of 
bacteriological  technique.  It  may  be  effected  by  heat  or  by  filtra- 
tion.    The  former  method  is  the  one  chiefly  employed. 

Bacteria  which  do  not  form  spores  are  killed  at  a  comparatively 
/ow  temperature.    Sternberg  found  that  the  pyogenic  cocci  required 
tiie  highest  temperatures,  and  that  they  were  killed  by  an  exposure 
ten   minutes  to  a  temperature  of  620  C.      All  bacteria  are  de- 
stroyed in  one  or  two  minutes,  in  the  absence  of  spores,  by  exposure 
ie  action  of  boiling  water  or  of  steam.     A  very  much  higher 

K temperature  is  required  for  the  destruction  of  micro-organisms 
B  dry  heat  is  used.  The  spores  of  bacilli  have  a  much  greater 
resisting  power,  and  in  some  cases  aTe  not  destroyed  by  a  boiling 
temperature  maintained  for  several  hours;  but  the  majority  are 
killed  by  being  subjected  to  the  boiling  temperature  of  water  for  a 
few  minutes.  Fractional  sterilization  is  employed  for  certain  nutri- 
ent media,  for  the  reason  that  prolonged  boiling  may  injure  them. 
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This  method  is  based  upon  the  supposition  that  some  of  the  more 
resistant  spores  may  be  present  in  the  culture-material,  and  that 
bacteria  may  be  developed  from  them  after  sterilization  by  the 
ordinary  method.  A  repetition  of  the  process  will  therefore  destroy 
the  growing  bacteria  which  are  developed  from  such  spores.  The 
culture-material  is  subjected  for  a  short  time  to  the  temperature  of 
boiling  water;  after  an  interval  of  twenty-four  hours  the  operation 
is  repeated  for  the  purpose  of  destroying  those  bacteria  which  may 
have  developed  in  the  mean  time  from  spores.  This  is  repeated  at 
corresponding  intervals  from  three  to  five  times. 

Test-tubes  and  all  glass  and  metal  objects  which  it  is  intended 
to  use  in  the  laboratory  are  sterilized  by  dry  heat.  A  hot-air  oven 
made  of  sheet  iron  with  double  walls  and  shelves  is  used  for  this 
purpose.  A  much  higher  temperature  is  needed  under  these  con- 
ditions than  when  moist  heat  is  used.  Micrococci  and  bacilli  are 
not  destroyed  below  a  temperature  of  1200  C.  It  is  necessary  bo 
raise  the  temperature  to  1400  C.  to  destroy  spores,  and  the  degree 
of  heat  should  be  maintained  for  an  hour  or  more.  When,  there- 
fore, apparatus  is  sterilized,  a  tem- 
perature of  about  1500  C.  should 
be  maintained  for  this  length  of 
time. 

As  moist  heat  acts  more  rapidly 
upon  bacteria,  the  sterilisation  by 
steam  is  extensively  used.  Koch's 
apparatus  consists  of  a  copper  or  a 
zinc  cylinder  which  is  covered  with 
a  jacket  of  felt.  There  is  an  open- 
ing at  the  top  for  the  escape  of 
steam,  and  another  through  which 
a  thermometer  may  be  inserted, 
The  water  in  the  cylinder  is  heated 
by  a  Bunsen  burner,  and  the  steam 
is  maintained  at  a  temperature  of 
ioo°  C.  Near  the  lower  third  of 
the  vessel  is  a  perforated  shelf 
which  is  placed  sufficiently  high 
so  as  not  to  come  in  contact  with  the  water.  The  Lautensch lager 
sterilizer  is  so  arranged  that  a  current  of  steam  descends  from  above 
upon  the  objects  to  be  sterilized  and  passes  out  through  the  bottom 
of  the  vessel.  The  Arnold  sterilizer  (Fig.  i),  which  is  largely  used 
in  the  United  States,  is  convenient,  as  it  is  so  arranged  that  steam 


Fig.  1. — Arnold  Sterilizer. 


can  be  obtained  rapidly  with  a  small  quantity  of  water.  It  has  the 
advantage  also  of  great  simplicity.  The  autoclave  is  a  form  of 
sterilizer  by  means  of  which  steam  can  be  obtained  under  pressure. 
Under  these  conditions  a  single  sterilization  at  a  temperature  of 
XI 50  C.  for  half  an  hour  suffices.  This  apparatus  is,  however, 
tensive. 

Test-tubes  which  are  to  contain  the  nutrient  media  are  plugged 

•with  cotton,  which  acts  as  a  filter,  allowing  the  access  of  air,  but 

preventing  the  entrance  of  bacteria.       After  sterilization  in  the 

not-air  oven  the  tubes  are  ready  to  be  charged  with  the  nutrient 

media.    The  bouillon  peptoue-gelatiu  is  subjected  to  a  temperature 

of  ioo°  C.  for  ten  minutes  at  intervals  of  twenty-four  hours,  four 

days  in  succession.     Bouillon  and  agar-agar  jelly  may  be  prepared 

in  the  same  way  or  be  steamed  once  for  an  hour.     The  sterilization 

of  culture-material  should  be  tested  by  placing  it  for  a 

kw  days  in  an  incubating  oven  at  30°  to  350  C. 

The  culture-media  should  be  slightly  alkaline,  and 
should  resemble  as  closely  as  possible  the  fluids  of  the 
body. 

To  make  a  suitable  bouillon,  cut  up  500  grammes  of  lean 
place  it  in  a  pint  of  water,  and  let  stand  for  twelve  hours 
qbo]  place.     Now  squeeze  through  a  loose  cloth,  a  little 
peptone  being  then   added  to  take   the  place  of  albuminous 
precipitated  on  beating.     Boil  in  a  water-bath  or 
im  three-quarters  of  an  hour,  and  neutralize  with  a  satu- 
rated solution  of  the  carbonate  of  soda.     Boil  again  one  hour, 
and  the  coagulablc  albuminoids  will  be  precipitated  or  will 
float  upon  the  surface.    Filter  through  paper  wet  with  distilled 
The  bouillon  must  still  be  kept  alkaline,  or  at  least 
i,  and  should  not,  after  repeated  boiling,  become  in  the 
least  cloudy.     The  white  of  an  egg,  added  before  boiling,  helps 
lear  up  the  fluid.    The  fluid  thus  prepared  should  be  placed 
in  sterilized  test-tubes,  and  the  tubes  thus  charged  must  finally 
be  sterilized  by  the  fractional  process. 

Bouillon  is  a  good  material  to  use  if  it  is  desired  to 
measure  a  given  number  of  bacteria,  as  each  drop  will 
always  have  about  the  same  number,  or  if  it  is  desired 
to  watch  their  development  in  the  hanging  drop  or  to 
obtain  large  numbers  of  bacteria.  One  of  the  first 
forms  of  solid  media  used  was  the  cut  surface  of 
cooked  potatoes. 


Fig.  2. —  Potato- 
culture. 


A  practical  method  for  preparing  potatoes  for  planting  bacteria  is  as 
follows:  Good-sized  potatoes  should  be  selected,  and  the  ends  sliced  off. 
They  are  then  punched  with  an  apple-corer.     Cylinders  about  two  inches  in 
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length  are  thus  obtained,  which  are  split  obliquely.  These  pieces  ate  allowed 
to  soak  in  cold  water  for  two  or  three  hours,  and  are  then  placed  in  sterilized 
test-tubes  containing  a  fragment  of  glass  to  support  the  potatoes  in  such  a 
way  that  they  will  not  be  immersed  in  the  water  of  condensation.  The  tube 
thus  charged  is  sterilized  by  the  fractional  method  (Fig.  2). 

Gelatin  possesses  the  much  greater  advantage  of  providing  a 
solid  material  which  is  at  the  same  time  transparent. 

Nutrient  gelatin  should  thus  be  prepared:  1000  parts  bouillon,  10  parts 
peptone,  5  parts  salt,  100  parts  gelatin  are  the  proportions  of  the  ingredients. 
Shake  and  heat  to  melt  the  gelatin.  Soda  solution  should  be  used  for  neu- 
tralizing. Boil  the  mixture  half  an  hour  to  precipitate  coagulable  substances, 
and  filter.  The  filter  must  be  warm.  The  resultant  fluid  must  be  clear,  and 
must  remain  so  on  boiling.  In  sterilizing  it  must  not  be  subjected  too  long 
to  heat,  as  heat  injures  the  stiffening  properties  of  the  gelatin.  Steaming 
fifteen  minutes  a  day  for  three  daj'S  is  sufficient. 

The  disadvantage  of  gelatin  is  its  liability  to  become  softened 
by  heat,  and  it  therefore  cannot  be  used  for  making  plates  of  those 
organisms  requiring  for  their  development  a  temperature  of  300  C. 

Agar~agar  is  a  substance  resembling  isinglass,  prepared  in  the 
far  East  from  a  gelatinous  form  of  algae.  It  is  nearly  soluble  in 
hot  water,  forming  a  jelly  which  melts  only  at  900  C.  and  hardens 
again  at  400  C.  The  preparation  of  agar  is  much  harder  than  that 
of  gelatin,  on  account  of  the  greater  difficulty  of  filtration.  The 
addition  of  6  to  7  per  cent,  of  glycerin  to  the  preparation  makes  it 
a  suitable  soil  for  the  growth  of  tubercle  bacilli. 

Agar-agar  is  thus  prepared  :  To  100  parts  bouillon,  10  parts  peptone,  and  5 
parts  salt  are  added  1  to  2  parts  agar-agar.  This  mixture  must  be  boiled  for 
two  or  three  hours  before  filtering. 

Blood-serum  may  be  employed  for  the  growth  of  a  great  variety 
of  bacteria,  but  more  particularly  for  those  organisms  which  do  not 
develop  readily  on  other  media.  The  blood  is  received  in  sterilized 
cylinders,  which  remain  on  ice  for  two  days  to  allow  the  coagula- 
tion to  be  completed.  The  serum  is  then  removed  with  sterilized 
pipettes  and  placed  in  test-tubes.  Human  serum,  ascitic,  hydro- 
cele,  and  ovarian  fluids  have  been  used  in  the  same  way. 

The  tubes  thus  charged  are  sterilized  by  the  process  of  discon- 
tinuous heating.  They  are  left  in  a  hot-water  bath  of  a  tempt 
ture  of  6o°  C.  for  about  an  hour  daily  for  from  five  to  seven  days. 
Koch  has  devised  an  apparatus  for  this  purpose.  The  tubes  are 
left  in  an  oblique  position,  so  that  a  large  surface  may  be  exposed 
for  culture  purposes.  After  being  sterilized  the  serum  is  solidified 
by  a  careful  exposure  to  a  temperature  of  about  68°  C,  which 
causes  it  to  coagulate,  forming  a  transparent  jelly-like  mass. 


cause 


A  great  many  forms  of  organisms  will  not  grow  upon  any  of 
these  culture-soils  or  on  any  that  are  now  used.  This  can  easily 
be  demonstrated  by  trying  to  inoculate  them  with  a  drop  of  saliva 
which  under  the  microscope  can  be  seen  to  contain  a  great  variety 


Fig.  3.— Method  of  Filling  Test-lubes  with  Nutrient  Material.1 

of  organisms.  The  resulting  culture  will  contain  but  compara- 
tively few  of  these  forms.  About  10  ccm.  of  the  culture-media  are 
in  each  test-tube.  The  gelatin  is  allowed  to  harden  with 
the  test-tubes  in  the  vertical  position,  and  is  inoculated  by  thrust- 
ing the  platinum  needle,  charged  with  the  infected  material,  into 
the  gelatin.  This  is  the  so-called  l*  stab-culture1'  or  "stick-cul- 
re."  The  agar-agar  and  blood-serum  are  usually  allowed  to 
lidify  while  the  test-tube  is  in  an  oblique  position,  thus  giving  as 
large  a  surface  as  possible  for  the  bacterial  growth. 

If,  now,  there  is  a  great  variety  of  bacteria  growing  in  a  speci- 

1  The   funnel   containing  the   material  to  be  used   is  protected   from  the  air  by  a  plate  of 

gins.    A  rubber  tube  connects  the  funnel  with  a  pointed  glass  nozzle*  and  the  flow  of  fluid  is 

Controlled   by  a  Mohr  check-cock.     A   plug  of  cotton  is  held  between  the  fingers  of  the 

'nil  (he  tube  b  held  in  the  left  hand.     On  the  right  are  the  empty  sterilized  tubes, 

»d  on  the  left  are  the  baskets  containing  the  tubes  which  have  been  filled. 
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men  (as  in  faeces),  they  can  be  separated  by  plate-cultures.  Three 
test-tubes  containing  the  gelatin  mixture  are  melted  in  a  water- 
bath  at  a  temperature  of  from  300  to  400  C.  :  a  very  minute  frag- 
ment of  the  material  to  be  examined  is  placed  in  one  of  the 
tubes,  and  is  thoroughly  mixed  with  the  culture-fluid  ;  from  this 
u  original  "tube,  as  it  is  called,  three  drops  of  the  liquid  are  trans- 
ferred to  the  second  tube,  and  from  the  second  tube  three  drops  are 
transferred  to  the  third.  The  culture-fluids  are  thus  progressively 
made  more  dilute.  The  fluid  gelatin  is  poured  into  Petri  dishes  (Fig. 
4)  or  upon  square  glass  plates,  aud  is  allowed  to  harden.     The 

plates  are  then  placed  in 
a  large  double  dish  upon 
little  trays,  one  above  an- 
other. Wet  filter- paper  is 
placed  in  the  bottom  of 
the  dish  to  keep  the  air 
moist.  The  bacteria  in 
the  fluid  are  thus  more  or 
less  widely  separated  from 
one  another,  and  the  vari- 
ous colonies  are  given 
an  opportunity  to  develop 
separately.  There  is  thus 
an  opportunity  not  only 
to  determine  the  number  of  varieties,  but  also  to  contrast  them 
with  one  another.  Some  liquefy  the  gelatin  ;  some  are  pigmented. 
If  it  is  desired  to  examine  a  particular  colony,  the  plate  containing 
this  growth  may  be  placed  under  a  microscope  of  low  power,  or, 
under  favorable  circumstances,  a  cover-glass  may  be  placed  upon 
the  colon)-  and  the  oil  immersion  may  be  used  *,  or  the  cover-glass 
with  the  adherent  colony  may,  after  removal,  be  dried  and  stained 
in  the  usual  manner.  Many  bacteria  that  cannot  be  separated  in 
any  othet  way  may  be  obtained  by  the  plate  method. 

The  colonies  it  is  desired  to  study  must  now  be  transferred  to 
culture-tubes,  where  they  are  more  protected  from  infection  from 
outside  sources  and  can  more  carefully  be  studied.  A  minute 
fragment  is  taken  from  one  of  the  colonies  while  observing  it 
through  a  lens  of  low  power,  The'needle  with  the  fragment  thus 
obtained  is  thrust  deeply  into  a  gelatin  culture- tube.  As  the  cul- 
ture grows  it  is  not  difficult  to  determine  whether  it  is  pure  or  not. 
Another  mode  of  transferring  the  culture  from  the  plate  is  to  draw 
the  platinum  needle  over  the  surface  of  the  agar-agar,  which  is 


Fig.  4. — Petri  Pish  wuh  Colonies. 


usually  allowed  to  harden  by  placing  the  tube  in  an  oblique  posi- 
tion. This  allows  the  culture  to  grow  upon  the  surface  and  in  the 
presence  of  oxygen.  As  a  rule,  the  gelatin  and  agar  cultures  will 
live  for  three  or  four  months ;  it  is  better,  however,  to  renew  the 
cultures  every  six  weeks. 

The  anaerobic  bacteria  are  much  more  difficult  to  cultivate. 
The  culture-media  must  be  treated  with  substances  which  rob  them 
of  their  oxygen.  The  organisms  must  thoroughly  be  mixed  with 
the  gelatin.  After  spreading  the  fluid  gelatin  containing  these 
organisms  on  plates,  they  are  covered,  before  hardening,  with  thin 
leaves  of  mica  to  cut  off  the  oxygen,  and  are  sealed  up  by  paraffin 
poured  over  the  edges  of  the  mica.  Or  the  gelatin  may  be  boiled 
in  the  test-tube  before  the  bacteria  are  mixed  with  it,  and  then 
quickly  hardened.  The  boiling  process  drives  out  the  oxygen,  and 
the  deeper  layers  in  the  tube  are  protected  from  oxygen  by  the 
tipper  layers,  and  anaerobic  bacteria  can  then  be  made  to  grow. 
This  method,  which  has  the  advantage  of  supplying  different 
amounts  of  oxygen,  is  available  for  those  anaerobic  forms  that  can 
grow  where  there  is  no  oxygen,  but  prefer  oxygen.  They  will  be 
found  in  the  upper  layers  of  the  tube.  Those  which  can  only  grow 
where  there  is  no  oxygen  will  be  found  at  the  bottom  of  the  tube. 

If  the  gelatin  in  a  tube  is  punctured  by  a  platinum  needle 
armed  with  anaerobic  bacteria,  the  deeper  portions  only  of  the 
puncture  line  will  show  signs  of  growth  ;  as  the  layers  are  reached 
where  oxygen  still  exists,  the  growth  will  stop.  Eggs  may  be 
used  for  the  same  purpose.  A  small  puncture  having  been  made 
and  the  organisms  introduced,  the  hole  is  sealed  up  with  collodion. 
The  small  amount  of  oxygen  existing  in  the  ^gg  is  soon  replaced 
nlphuretted  hydrogen.  A  method  of  cultivating  auaerobic 
bacteria  in  the  presence  of  hydrogen  gas  will  be  described  in  con- 
nection with  the  tetanus  bacillus. 

If  it  is  necessary  to  keep  the  culture  medium  at  a  high  temper- 
ature, an  oven  must  be  provided  for  the  purpose.  That  now 
generally  in  use  has  a  double  wall  which  contains  water  heated 
by  a  gas-jet  The  degTee  of  heat  is  indicated  by  a  thermometer 
and  is  regulated  by  some  automatic  arrangement.  The  escape  of 
heat  from  the  sides  of  the  oven  is  prevented  by  a  felt  jacket. 

PTke  action  of  the  pathogenic  bacteria  in  disease  is  not  yet  fully 
erstood.     One  of  the  earliest  theories  assumed  that  the  presence 
Lof  bacteria  in  large  numbers  in  the  organs  acted  mechanically  to 
ir  their  functions.     This  is  probably  true  to  a  limited  extent 
only.      According  to  Fmnkel,   their  action   is  explained  by  the 
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development  of  a  specific,  exceedingly  poisonous  substance  having 
a  very  deleterious  influence  upon  the  organism,  This  poison,  like 
that  of  the  serpent,  may  spread  itself  all  through  the  body,  and, 
although  small  in  quantity,  may  produce  very  marked  effects.  It 
probably  varies  greatly  in  amount  in  different  cases. 

As  to  whether  the  poison  is  a  product  elaborated  from  the  bac- 
terial cells  as  a  specific  excretion,  or  is  the  result  of  a  tissue-meta- 
morphosis  brought  about  by  the  organisms,  which  select  from  the 

»  tissues  such  substances  as  are  most  nutritious  to  them,  is  a  point 
about  which  authorities  differ.  Opinions  at  the  present  time  are 
pretty  evenly  divided  upon  this  point.  It  can  easily  be  understood 
that  when  one  or  two  important  elements  are  taken  from  the 
chemical  composition  of  a  cell  or  from  the  matrix  in  which  it  lies, 
an  entirely  new  chemical  compound  may  be  the  result.  The 
chemical  nature  of  the  tissues  in  which  the  bacteria  grow  is  there- 
fore an  important  element  in  determining  the  nature  ofthecom- 
I  pound  that  will  be  formed-  It  is  a  well-known  fact  that  the  albu- 
minoids, for  instance,  are  necessary  for  the  development  of  most 
toxines.  Poisonous  substances  may  be  developed  in  one  case 
which  in  another  fail  to  form,  owing  to  the  absence  of  some 
important  basic  substance. 

The  result  of  such  action  of  bacteria  upon  the  cells  of  the  body 
is  to  produce  what  is  known  as  "  irritation."  If  the  action  is  suf- 
ficiently powerful,  death  of  the  cell  will  ensue,  but  if  it  be  less 
powerful  and  continued  for  a  certain  length  of  time,  the  result 
will  be  a  growth  of  new  cells.  This  action  is  probably  exerted 
through  the  endothelium  of  the  capillaries,  for  we  often  see  bac- 
teria enclosed  within  such  cells.  These  cells  exercise  an  important 
influence  upon  the  nutrition  of  the  organ,  as  they  determine  to  a 
certain  extent  what  chemical  substance  shall  be  allowed  to  pass 
through  the  vessel's  walls  for  its  nourishment.  The  result  of  such 
a  disturbance  of  nutrition  upon  the  organ  will  of  course  affect  its 
functions,  and  this  may  go  to  the  point  of  producing  all  the 
phenomena  of  an  inflammation.     The  production  of  a  general  con- 

*stitutioual  disturbance  will  be  found  discussed  at  more  length  in 
another  chapter.  It  may  merely  be  said  here  that  the  most  gene- 
rally received  opinion  is  that  substances  are  produced  which  have 
a  ferment-like  action  and  increase  the  tissue-metamorphosis  greatly 

•  throughout  the  body.  Baumgarten,  however,  believes  that  the 
growth  of  foreign  organisms  in  the  body  is  alone  sufficient  to 
account  for  all  the  phenomena  of  fever  without  assuming  develop- 
ment of  a  particular  virus. 
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It  is  a  well-known  fact  that  ptomaines  can  be  separated  from 

their  bacteria,  and,  if  introduced  into  the  body,  can  produce  local 

or  general  disease.      That   apparent  suppuration  can  be  produced 

rimentally  in  this  way  has  finally,  after  much  discussion,  been 

determined  in  the   affirmative.       Introduced   in    large  quantities, 

•naines  may  excite  grave  constitutional  disturbance.  These 
substances  are  not,  however,  multiplied  and  reproduced  within  the 
body  ;  they  exert  only  a  passive  role.  Such  a  condition  is  known 
as  "intoxication"  or  ki toxic  infection,"  as  distinguished  from  the 
"septic  infection"  of  bacteria. 

The  question  of  immunity  of  the  living  body  to  the  action  of 
certain  bacteria  is  one  which  has  received  a  vast  amount  of  atten- 
tion, and  is  still  unsettled.  Leading  up  to  this  question  is  that  of 
the  mitigation  of  the  virulence  of  bacteria  and  the  production  of  a 
vaccine,  as  first  broached  by  Pasteur.  This  change  in  the  activity 
of  the  organisms  may  be  produced  by  allowing  them  to  grow  for 
an  unusually  long  time  in  their  culture-media.  In  this  way  the 
power  to  develop  in  the  living  body  seems  gradually  to  be  lost. 
This  change  in  the  bacteria  shows  itself  in  a  more  vigorous  growth 
upon  the  soil  than  took  place  at  first,  when  it  was  less  accustomed 
to  its  situation.  The  organisms  of  chicken  cholera  and  anthrax 
were  first  successfully  cultivated  so  as  to  produce  a  ''vaccine"  for 
these  diseases. 

Another  way  of  weakening  the  action  of  the  bacteria  is  to  mix 
with  the  culture-media  certain  chemical  substances  which  are 
poisons  to  them,  but  not  sufficient  in  amount  to  kill  them.  Roux 
weakened  the  anthrax  bacillus  in  this  manner  by  mixing  bichromate 
of  potash  with  the  bouillon.  This  experiment  suggests  an  expla- 
nation of  the  cause  of  the  insusceptibility  of  certain  animals  to  some 
forms  of  bacteria  which  are  passed  through  them,  owing  to  the  pres- 
ence of  peculiarly  hostile  chemical  compounds  in  their  blood.  A 
weakening  of  their  power  is  also  brought  about  by  exposure  to 
atmospheric  pressure,  sunlight,  and  high  temperatures.  The  cause 
of  the  weakening  of  virulence  is  supposed  to  lie  in  a  degeneration 
of  the  bacterial  cell-protoplasm,  but  there  is  no  marked  change 
the  eye. 

How  far  this  process  of  protective  inoculation  can  be  carried 
in  the  control  of  disease  is  a  very  doubtful  question,  but  the  fact 
has  been  definitely  established  that  under  certain  circumstances 
a  mitigated  virus  can  render  the  most  virulent  poison  harm- 
less. Bitter  has  shown  that  the  bacilli  of  the  anthrax  vaccine 
develop  only  in  the  immediate  neighborhood  o;.ili£. point  of  infec- 
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tion.     Heuppe  and  Wood  were  able  to  produce  the  same  immunity 
to  anthrax  by  the  injection  of  organisms,  quite  of  a  different  nature, 


Fin.  5. — Bacteriological  Syringe.  On  removal  of  the  rubber  bulb  this  instrument  can  be 
sterilised  by  dry  heat.  The  almost  capillary  lumen  permits  great  accuracy  of  dosage  (II.  C, 
Btlttt'l  modification  of  the  Koch  syringe). 

and  not  even  pathogenic,  into  animals  which  ordinarily  were  very 
susceptible  to  the  disease  ;  and  the  same  immunity  has  been  pro- 
duced  by  the  injection  of  peculiar  forms  of  albumin  in  no  way 
connected  with  bacterial  growth.  According  to  Frankel,  the  pro- 
tection afforded  by  vaccination  is  therefore  the  result  of  ninny 
substances  which  are  chiefly  of  bacterial  origin.  According  to 
Pasteur,  immunity  is  acquired  by  the  exhaustion  of  a  chemical 
substance  necessary  for  the  growth  of  the  micro-organisms.  The 
"retention  M  hypothesis  assumes  that  the  products  of  tissue-meta- 
morphosis remain  behind  after  the  first  invasion,  and  prevent  a 
return  of  the  same  kind  of  organism,  According  to  Frankel,  this 
hypothesis  has  fewer  objections  than  any  other.  It  is  known  that 
in  some  forms  of  fermentation  substances  are  developed  which 
prevent  the  further  growth  of  organisms,  and  may  even  prove 
poisonous  to  them. 

The  phagocyte  theory  of  Metschnikojf  is  still  exciting  great 
attention,  and  although  it  has  already  been  referred  to  in  another 
chapter,  an  allusion  to  it  in  this  connection  cannot  be  avoided. 

The  first  studies  were  made  upon  the  Daphniidae  ("water  fleas'*). 
The  needle-shaped  organisms  which  invaded  the  intestinal  canal 
and  the  tissues  of  its  body  were  surrounded  by  leucocytes  and  taken 
up  into  their  protoplasm,  and  there  were  changes  thus  produced  in 
them  which  suggested  a  sort  of  digestive  process.  Metschnikoff 
also  placed  fragments  of  liver  taken  from  a  rat,  dead  of  anthrax, 
under  the  skin  of  a  frog,  and  found  them  later  infiltrated  with 
leucocytes  in  whose  protoplasm  many  of  the  bacilli  were  found. 
He  found  also  that  the  bacilli,  when  artificially  weakened  and 
injected  into  warm-blooded  animals,  were  quickly  taken  up  by  the 
leucocytes,  but  when  injected  with  their  full  strength  still  pre- 
served, few  were  found  iu  the  spleen  thus  enclosed  by 
leucocytes,-'    H  tingry  advanced  the  theory  that  the  leuco- 
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cytes,  like  their  ancestors,  the  amoebae,  had  a  certain  iustincti 
propensity,  in  search  of  material  for  their  nourishment,  to  consume 
the  invading  organisms.  Hence  the  term  "phagocyte,"  The 
protective  influence  of  vaccination  was  supposed  by  this  observer 
to  be  due  to  the  power  which  the  consumption  of  weaker  forms  of 
bacteria  gave  to  the  leucocytes  to  devour  the  more  virulent  varie- 
ties. The  opponents  of  the  phagocytosis  theory,  who  are  numer- 
ous, claim  that  the  phagocytes  eat  up  the  bacteria  only  when  the 
Litter  have  been  killed  by  other  influences.  It  should  be  men- 
tioned that  the  leucocytes  are  not  permanent  bodies,  therefore  a 
capacity  on  their  part  for  transmitting  this  acquired  power  to  their 
descendants  must  be  assumed  if  this  theory  is  adopted. 

Although  the  phagocyte  theory  seems  to  play  a  certain  role  in 
the  problem  of  immunity,  the  general  weight  of  opinion  seems  at 
present  to  be  opposed  to  this  very  attractive  theory  in  its  entirety, 
and  to  lean  to  the  view  that  predisposition  to  disease  means  a 
favorable  culture-soil  for  the  bacteria  in  question,  and  immunity 
from  disease  means  a  soil  unfavorable  to  those  organisms.  The 
chemical  constitution  of  the  blood-serum  is  therefore  probably  a 
more  important  factor  in  resisting  or  in  favoring  the  invasion  and 
growth  of  bacteria  than  any  peculiar  powers  possessed  by  the  white 
bl  ood-corpuscles. 

When  it  is  realized  how  hard  it  is  to  cultivate  certain  forms  of 
bacteria  on  artificial  media,  it  does  not  seem  surprising  that  the 
varying  condition  of  the  chemical  constitution  of  the  blood  and 
tissues  of  different  animals,  or  the  changes  occurring  at  different 
periods  of  life  of  the  same  individual,  should  produce  soils  at  times 
unfavorable  to  the  growth  of  pathogenic  bacteria, 

Buchner  thought  that  this  destructive  power  of  the  blood-serum 
lay  in  the  amount  of  salts  it  contained  and  the  albuminates  with 
which  they  are  combined.  If,  for  instance,  a  rat  is  treated  with 
phosphate  of  lime,  which  causes  a  production  of  acid  in  the  body, 
the  high  grade  of  alkalinity  of  the  blood  will  disappear  and  the 
animal  will  become  susceptible  to  the  anthrax  bacilli.  If  a  large 
number  of  bacilli  are  injected  into  the  same  kind  of  animal,  a 
similar  result  will  follow,  for,  although  many  of  the  bacilli  are 
killed  by  the  unfavorable  conditions  they  meet  with  in  an  insus- 
ceptible animal,  the  dying  organisms  liberate  acids  and  pave  the 
for  an  invasion  of  the  system  by  the  survivors.  It  should  not 
be  forgotten  that  an  antagonism  exists  between  the  healthy  living 
les  of  the  body  and  bacteria.  If  these  organisms  gain  an 
entrance  into  the  circulation,  they  usually  disappear  rapidly.     It 
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was  at  one  time  supposed  that  they  were  excreted  with  the  bile  or 
the  urine,  but  this  is  now  known  not  to  be  the  case ;  for  it  is 
established  that  an  uninjured  membrane  will  not  allow  the  bacte- 
ria to  pass  through  it,  as  a  rule.  Wyssokowitsch  found  that  they 
were  deposited  chiefly  in  three  organs,  the  liver,  the  spleen,  and 
the  bone-marrow.  If,  on  the  one  hand,  the  organisms  are  non- 
pathogenic, they  are  destroyed  in  these  organs ;  on  the  other  hand, 
if  they  are  pathogenic,  they  have  an  opportunity  to  develop  in  those 
localities.  There  are  three  routes  through  which  bacteria  can 
obtain  an  entrance  into  the  body:  First,  through  the  skin,  generally 
through  some  wounded  surface,  although  it  has  been  shown  by 
Garre*  that  the  apparently  uninjured  skin  does  not  offer  an  insur- 
mountable barrier ;  secondly,  through  the  digestive  canal  ;  and, 
thirdly,   through  the  respiratory  tract. 

The  pathogenic  bacteria  may  be  denned  as  those  which  stand  in 
a  causal  relation  to  certain  well-marked  morbid  conditions,  and 
they  are  regarded  as  the  specific  agents  which  produce  the  patho- 
logical symptoms. 

Koch  lays  down  as  a  crucial  test  that  certain  conditions  must  be 
fulfilled  before  it  can  positively  be  asserted  that  a  given  organism  is 
the  specific  cause  of  a  disease.  These  are  :  it  must  be  found  in  all 
cases  of  that  disease  ;  it  must  be  found  in  no  other  disease  ;  and 
it  must  appear  in  such  quantity  and  be  so  distributed  that  all 
symptoms  can  be  accounted  for  by  its  presence ;  also,  that  the  bac- 
teria must  be  capable  of  being  isolated  from  the  diseased  tissues 
and  be  grown  upon  some  of  the  artificial  culture-media,  and  when 
injected  into  an  animal  must  be  capable  of  reproducing  the  disease. 
Although  all  these  conditions  cannot  be  fulfilled,  yet  the  constant 
presence  of  a  single  variety  of  bacteria  in  a  given  disease  renders 
it  highly  probable  that  it  is  the  cause  of  the  disease. 
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The  number  of  bacterial   forms  found  in,   and  fully  identify 
with,  surgical  diseases  is  not  large,  yet  it  can  safely  be  said,  from 
the  present  standpoint  of  our  knowledge,  that  the  traumatic  infec- 
tive diseases  are  all  to  be  accounted 
for  by  the  action  of  micro-organisms 
in  the  tissues. 

The  organisms  which  surgeons 
have  most  frequently  to  contend  with 
are  those  which  produce  suppuration. 
Of  these  there  are  several  varieties, 
although  the  majority  of  them  have 
the  globular  or  coccus  form  and  are 
called  "pyogenic  cocci/' 

/ '/.-  e  s fi \ i  cus  f>) *ogi -fit  s  au- 

was  first  recoguized  by  Og 
and  Rosenbach,  the  latter  of  wh«  m 
gave  it  the  prefix  derived  fn>ni 
gtafokj  (a  bunch  of  grapes;,  owing 
to  the  characteristic  grouping  of  the 
cocci  in  clusters  (Fig.  6).  Its  shape 
is  globular,  and  the  developed  organ- 
ism measures  about  0.7  ft  in  diam- 
The  younger  cocci  are  some- 
what smaller;  the  size  depending  to 
a  certain  extent  also  upon  the  nature 
of  the  soil  in  which  they  are  grow- 
ing. They  multiply  by  division  in 
the  manner  already  described,  but 
the  line  of  fission  is  difficult  to  see, 
owing  to  its  fineness.  They  are 
readily  stained  by  all  the  coloring 
agents,  being  well  adapted  to  the 
Gram  method  of  staining,  and  being 
one  of  the  varieties  of  micro-organ- 
isms most  easily  demonstrated  in 
this  way.  Although  no  spores  are  found,  the  aureus  is  a  very 
durable  form  of  organism.  Its  power  of  growth  is  not  destroyed 
by  drying  for  ten  days.     It  requires  strong  chemical  substauc 
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ailing  for  several  minutes  in  water  to  kill  it.  On  gelatin-cultures 
it  can  preserve  its  vitality  and  power  of  reproduction  for  a  year. 
Becker  first  obtained  growths  of  the  staphylococcus  on  gelatin,  to 
which  it  had  been  transferred  from  the  abscesses  of  cases  of  osteo- 

riyelitis,  but  Rosen  bach  was  the  first  to  recognize  that  it  was  not 
confined  to  this  disease  alone,  but  was  common  to  all  forms  of  sup- 
puration. It  grows  well  at  ordinary  house-temperatures,  but  is 
more  active  when  subjected  to  a  temperature  of  from  300  to  37  °  C. 
It  can  develop  activity  in  media  which  have  only  a  very  small 
amount  of  oxygen.  The  staphylococcus  pyogenes  aureus  exhibits, 
when  grown  upon  solid  culture-media,  certain  peculiarities  which 
distinguish  it  from  all  other  varieties  of  cocci.  When  the  gelatin 
is  inoculated,  a  growth  of  an  opaque  gray  color  takes  place  along 
the  whole  length  of  the  puncture.  At  the  same  time  the  gelatin 
immediately  around  the  growth  begins  to  liquefy,  but  more  rapidly 
near  the  surface  than  lower  down.  At  the  end  of  three  or  four 
days  the  surface  of  the  gelatin  becomes  completely  liquefied,  and 

kthe  bacterial  growth  begins  to  sink  as  the  softening  of  the  gelatin 
proceeds  downward.  By  this  time  it  begins  to  assume  a  golden- 
yellow  or  orange  color,  and  collects  in  a  mass  at  the  bottom  of  the 
puncture-canal.  It  has  a  peculiar  odor  of  sour  paste,  particularly 
when  grown  on  potato. 

When  a  culture  is  made  on  the  surface  of  obliquely-hardened 
agar  there  forms  along  the  needle  track  primarily  a  moist  glisten- 
ing growth,  which  is  at  first  a  yellowish-white,  but  soon  becomes 
an  oratige  color  (Fig.  6),  The  growth  is  somewhat  elevated  above 
the  surface,  is  from  3  to  4  mm.  wide,  and  has  a  wavy  border.  The 
color  may  not  develop  at  first,  but  it  appears  especially  brilliant  if 
the  growth  has  not  taken  place  in  the  high  temperatures  of  the 
oven:  in  the  latter  case  the  luxurious  growth  appears  to  interfere 
with  the  pigment-formation,  which  occurs  most  pronouncedly 
when  the  growth  is  well  exposed  to  the  air.  It  can  be  prevented 
from  occurring  if  the  air  is  shut  off  by  a  film  of  sterilized  oil  or 

■  «it her  means. 
The  aureus  is  found  abundantly  outside  the  human  body.  Its 
presence  has  been  demonstrated  in  dirty  dish-water,  in  the  soil, 
and  also  floating  in  the  air,  particularly  in  foul  hospital  wards. 
But  its  commonest  seat  is  the  superficial  layer  of  the  skin.  It 
has  been  found  also  in  the  respiratory  and  digestive  tracts,  in 
the  normal  mucus  of  the  pharynx  and  the  saliva,  in  the  biliary 
ducts  and  the  feces,  and,  most  important  of  all  for  the  surgeon  to 
remember,  in  the  dirt  collected  under  the  ends  of  his  finger-nails. 
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The  liquefaction  of  the  gelatin  appears  to  be  due  to  the  presence 
of  a  soluble  peptonizing  fennent  which  is  excreted  by  the  aureus. 
It  has  also  the  power  to  peptonize  albumin.  It  has  generally  been 
supposed  that  poisonous  ptomaines  and  toxines  were  not  formed 
by  the  staphylococci,  but  recent  investigations  have  shown  the 
contrary  to  be  the  case.  The  pathogenic  qualities  of  the  cocci  of 
suppuration  are  described  in  another  chapter.  The  aureus  is  the 
commonest  of  all  pyogenic  cocci,  and  it  has  been  found  in  80  per 
cent,  of  the  cases  of  suppuration  examined. 

Slap/tytococats  pyogenes  a {hits  (Fig.  7)  behaves  in  all  respects. 
like  the  aureus,  except  that  it  does  not  develop  the  golden-colored 
pigment.  It  appears  to 
be  a  variety  of  the  aureus, 
but  cannot  be  so  culti- 
vated as  to  change  into 
the  aureus.  It  always 
retains  its  characteristic 
white  growth,  occurs  less 
often  than  the  aureus, 
and  does  not  seem  quite 
«o  virulent,  as  the  symp- 
toms caused  by  it  ap- 
pear clinically  less  pro- 
nounced in  severity. 

Staphylococcus  1  ni- 
flavcscens  occupies 
an  intermediate  posi- 
tion between  the  aureus  and  albus  (Babes).  On  agar  it  forms  a 
delicate  film.  The  cocci  are  irregular  in  shape,  and  are  larger 
than  the  aureus.     The  staphylococcus  flavescens  is  very  rare. 

Staphylococcus  pyogenes  citreusy  a  variety  seen  by  Passet  in  two 
cases,  appears  in  all  respects  similar  in  its  behavior  to  aureus  and 
albus,  except  that  it  develops  a  lemon-yellow  pigment.  It  lique- 
fies gelatin  more  slowly  than  the  two  varieties  above  named. 

Staphylococcus  cereus  albus  el  fleams  are  two  unimportant  varie- 
ties of  pyogenic  cocci,  also  described  by  Passet,  The  cocci  are  cha- 
racterized by  a  dull,  waxy  growth  on  the  surface  of  gelatin.  They 
cannot  be  distinguished  under  the  microscope  in  any  way  from  the 
other  varieties.  As  they  are  very  rare  forms,  and  later  observers 
have  failed  to  find  them,  Baumgarten  suggests  that  it  may  be 
possible  the  genuine  pyogenic  coccus  had  died  out,  and  that  the 
cereus  was  a  remaining  form  which  Passet  accidentally  observed. 
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Fig,  8.— Streptococcus  Pyogenes. 
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Micrococcus  pyogenes  tenuis  is  a  name  gives  by  Rosenbacli  to 
another  rare  form  of  pyogenic  coccus.  It  has  only  been  seen  once 
since  by  later  observers.  Microscopically,  the  cocci 
are  somewhat  more  irregular  in  shape  and  larger 
than  those  of  the  aureus.  On  the  surface  of  agar 
the  tenuis  forms  a  very  thin,  transparent  deposit. 
This  coccus  obtains  its  name  from  the  great  deli- 
cacy of  its  growth.  It  is  quite  possible  that  this 
variety,  like  the  cereus,  was  an  accidental  inhabit- 
ant of  an  abscess  and  not  the  genuine  pus-pro- 
ducer. Rosenbacli  does  not  place  it  among  the 
staphylococcus  group  of  micrococci. 

The  streptococcus  pyogenes  is  one  of  the  most 
important  varieties  of  the  pyogenic  cocci.  It  usu- 
ally occurs  alone,  but  sometimes  it  is  found  with 
staphylococci,  and  is  microscopically  identical  with 
the  streptococcus  of  erysipelas.  The  arrangement 
of  the  cocci  distinguishes  it  in  a  marked  degree 
from  the  staphylococcus  group.  The  cocci 
arranged  in  rows  or  chains  (Fig.  8),  instead  of  in 
bunches.  There  are  usually  from  six  to  ten  thus 
attached,  and  they  appear  to  be  grouped,  further- 
more, somewhat  in  couples  like  the  so-called  "dip- 
lococci."  The  individual  cocci  are  small  globular 
cells  from  0.3/i  to  0.4//  in  diameter.  They  grow 
at  ordinary  house-temperatures,  but  more  actively 
at  a  temperature  of  from  300  to  37 °  C.  They  are 
not  particularly  sensitive  to  the  absence  of  oxygen, 
but  grow  best  upon  the  surface  of  nutrient  media. 
They  are  easily  colored  by  the  different  aniline 
dyes,  and  are  adapted  to  the  Gram  method  of 
double  staining. 

In  culture-media  the  cocci  grow  slowly  (Fig.  9); 
in  gelatin  cultures  the  small  white  colonies  appear 
throughout  the  whole  length  of  the  puncture.  As 
a  rule,  there  is  not  much  growth  on  the  surface, 
the  growth  reaching  nearly  its  full  development  in  four  or  five 
S,  On  agar  the  growth  shows  a  similar  tendency  to  collect  in 
minute  globular  drops,  which  finally  fonn  a  border  at  the  margin 
of  the  scratch.  The  color  of  the  points  is  white,  and  the  growth 
at  first  has  quite  a  transparent  look,  but  later  the  centre  of  the 
colony  has  a  faintly  brownish  color. 


(culture  I . 


If  it  is  desirable  to  obtain  a  considerable  number  of  these  cocci, 
Uiey  can  be  grown  very  rapidly  in  bouillon.     The  streptococci  are 
found,  in  the  normal  state,  in  the  saliva,  in  the  secretion  from  the 
nostrils,  in  vaginal  mucus,  and  also  in  the  urethra. 
They  are  also  found  wherever  the  normal  condition 
is  disturbed  by  other  diseases.      We  are  apt  to  get 
what   is  called   a  "mixed  infection  M  with   this  or- 
ganism in  typhoid  fever,  diphtheria,   pneumonia, 
tuberculosis,  scarlet  fever,  etc.,  and  it  is  therefore 
probably  an  important  agent  in  producing  compli- 
cations "|    those  diseas; 

Bacillus  pyocyaneu*  is  an  organism  found  in 
green  or  blue  pus.  It  occurs,  however,  only  in 
open  wounds,  and  is  not,  strictly  speaking,  a  pyo- 
genic organism,  not  usually  producing  suppuration. 
It  is  sometimes  found  in  the  serous  secretions  of 
wounds  and  in  the  perspiration.  It  is  a  small,  thin 
rod  with  distinctly  rounded  ends,  and  may  occur  in 
chains   of  five    or   six    links.       It  has   very  active 

-einents.  Spores  are  not  seen  to  form.  It  be- 
longs to  those  organisms  which  can  grow  where 
there  is  a  small  amount  of  oxygen,  and  develops  at 
ordinary  house-  and  oven-temperatures.  When 
grown  in  gelatin  there  develops  a  shallow  bowl-like 
depression,  on  the  border  of  which  there  forms  a 
beautiful  green  fluorescent  pigment  (Fig.  10).  The 
depression  widens  until  it  reaches  the  borders  of 
the  test-tube,  and  then  the  greater  part  of  the  bac- 
terial growth  sinks  to  the  bottom  in  thick,  shining 
bands.  The  gelatin  above  gradually  clears  itself, 
and  over  the  surface  is  formed  a  delicate  yellowish- 
green  film.  The  whole  culture  has  a  distinctly 
greenish  tint.  The  pigment  is  deposited  from  the 
bacteria  when  in  contact  with  oxygen,  and  it  is 
therefore  found  only  on  the  exposed  edges  of 
dressings.  The  substance  then  formed  has  been 
named  *' pyocyanine."      According   to   Frankel,    if   i    can   of  a 

J]  bouillon  culture  is  injected   into  the  subcutaneous  tissue  of 

nea-pigs  or  of  rabbits,  a  fatal  infection  is  produced.  By  begin- 
ning with  minimum  doses  only  small  abscesses  will  result,  the 
animals  finally  becoming  able  to  bear  doses  which  would  otherwise 
be  fatal.     Its  prophylactic  character  was  first  discovered  by  Bow- 
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chard,  who  showed  that  anthrax,  even  when  already  developed  iu 
the  animal,  could  be  cured  by  injection  of  this  bacillus.  Another 
variety,  described  by  H.  C  Ernst,  is  supposed  by  him  to  possess 
septic  qualities,  and  still  another  is  mentioned  by  Paul  Ernst 
which  is  non-pathogenic. 

Ha  alius  pyogenes  fa'tidzts  is  found,  according  to  Passet,  in  the 
pus  of  perirectal  abscesses.  It  forms  on  the  surface  of  gelatin  a 
delicate  white  or  grayish  growth.  On  agar  and  on  potato  it  has  a 
light-brown  color  and  emits  an  offensive  odor. 

Micrococcus  tetragenus  was  first  found  by  Koch  in  the  tuber- 
culous cavity  of  a  lung,  and  is  occasionally  seen  in  morbid  and 
healthy  expectorations.  It  was  found  by  Steinhaus  in  an  acute  ab- 
scess near  the  angle  of  the  jaw  :  under  the  microscope  the  charac- 
teristic groups  of  four  were  observed  enclosed  in  a  capsule,  and  in 
very  large  numbers.  It  was  also  seen  by  Iakowski  in  two  cases  of 
acute  abscess,  one  on  the  finger  and  the  other  in  the  palm  of  the 
hand.  In  culture-media  the  cocci  do  not  grow  in  any  special 
order,  but  in  the  tissues  they  are  arranged  iii  groups  of  four 
imbedded  in  a  gelatinous  membrane.  The  organism  is  aerobic. 
It  colors  well  with  all  the  aniline  dyes  and  by  the  Gram  method. 
On  gelatin  it  appears  as  thick,  globular,  whitish  masses  with  a 
somewhat  glistening  surface. 

Bacillus  cali  communis  (Escherich)  was  first  discovered  in 
1885,  at  which  time  this  micro-organism  was  reported  as  being 
constantly  found  in  the  discharges  of  cholera  patients  at  Naples. 
Since  then  it  has  been  found  usually  present  in  the  normal  dejecta. 
It  is  also  found  outside  the  body,  both  iu  air  and  in  water  and  in 
putrefying  fluids.  Its  presence  in  diarrhceal  discharges  and  its 
near  relation  to  the  typhoid  bacillus  caused  it  to  be  studied  very 
closely  in  order  to  find  some  method  by  which  the  two  organisms 
could  be  separated.  Lately  the  importance  of  this  bacillus  as  a 
pyogenic  organism  and  as  a  cause  of  septic  and  suppurative  pro- 
cesses has  been  fully  recognized. 

The  bacillus  varies  in  shape  with  the  media  in  which  it  is 
grown,  and  to  some  extent  also  with  the  source  from  which  it 
comes.  It  is  usually  seen  as  a  short  rod,  from  2  to  3/2  in  length 
and  from  0.4  to  0.6/i  in  breadth,  with  rounded  ends.  It  may 
grow  in  chains  of  from  four  to  six  filaments,  though  it  is  most 
frequently  combined  in  pairs  (Fig.  11).  Sometimes  these  various 
forms  are  associated  together,  giving  the  microscopic  field  the 
appearance  of  a  mixed  culture.  Spores  have  not  been  demon- 
strated, but  the  organism  possesses  very  numerous  and  peculiarly 
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readily    with    any    of    the   watery    or 

alcoholic  solutions  of  the  aniline  dyes,  but  gives  up  its  stain  in  the 

settee  of  iodine,  and  hence  is  decolorized  by  the  Gram  method. 

The  products  of  its  growth  are  acid,  as  shown  by  the  addition 

litmus  to  the  culture-media   in  which   it  develops.      It  grows 

freelv   on   both    acid    and  i 
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alkaline    media    with     or 
without    the    presence    of 
oxygen.      It     does     not 
liquefy  gelatin.     On  plates 
the  colonies  may  have  two 
distinct  forms — one  an  ir- 
ularfilm,  rapidly  spread- 
ing over  the  surface  with  a 
g -lit    opalescent    appear- 
ance,   and    the    other    an 
TV -while,  heaped-up  col- 
which  has  no  tendency 
to  spread.     In  gelatin-tubes 

the  bacilli  grow  along  the  whole  length  of  the  needle  track  and 
spiead  out  on  the  surface  of  the  gelatin.     Sometimes  a  moss-like 
iwth  takes  place  into  the  gelatin  from  the  needle  track. 
The  bacillus  coli  communis  is  distinguished  from  the  typhoid 
bacillus  by  the  fact  that  the  latter  does  not  form  acid  products  in 
owth  and  has  no  power  to  decompose  grape-sugar  or  glucose, 
while  the  bacillus  coli  communis  rapidly  turns  blue  litmus  red, 
and  decomposes  sugar,  with  the  evolution  of  a  considerable  amount 
\  large  number  of  bacilli  resembling  this  organism  have 
been  found  by  Jeffries,  Booker,  and  others  in  the  intestines,  both  in 
health  and  in  disease.      The  role  of  greatest  importance  to  the 
surgeon  is  played  by  this  organism  in  the  production  of  suppura- 
tive processes  in  the  peritoneal  cavity. 

Frankel  found  it  under  these  conditions  more  frequently  than 

any  other  organism,  and  in   the  majority  of  cases  it  appeared  as  a 

culture;     Livy  found  pure  cultures  in  the  peritoneal  fluid  and 

in  the  secondary  broncho-pneumonia  of  two  patients  who  had  died 

trangulated  hernia.      He  also  obtained  a  pure  culture  from  a 

case  of  abscess  of  the  liver  and  from  a  lymphangitis  of  the  arm. 

dsou  found  pure  cultures  in  fulminating  appendicitis  with 

perforation  of  the  appendix.     The  bacillus  has  been  found  also  in 

d  in  the  urine  of  cases  of  cystitis. 

Rartaeci  in  a  recent  article  shows  that  m  nearly  all  the  cases  of 
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perforating  peritonitis  in  man  and  in  experimentally  produced  per- 
foration in  animals  the  bacillus  coli  communis  is  the  only  organism 
to  be  obtained  by  culture.  Quite  a  number  of  other  forms  of 
bacteria  exist  in  the  extravasated  fluids,  but  they  do  not  appear  to  be 
able  to  grow  in  the  presence  of  the  bacillus  in  the  ordinary  culture- 
media.  Bartacci  does  not,  however,  assume  that  the  bacillus  coli 
communis  is  therefore  alone  the  cause  of  the  septic  peritonitis,  but  he 
thinks  it  proper  to  attribute  part  of  the  septic  poisoning  to  the  intes- 
tinal gases  and  faeces  and  to  the  various  bacteria  which  they  contain. 

Experiments  upon  animals  show  that  the  effect  produced  by 
inoculation  depends  upon  the  source  from  which  the  bacilli  are 
obtained.  If  taken  from  the  normal  intestine,  they  have  no  effect 
upon  rabbits  nor  upon  guinea-pigs.  If  the  cultures  are  obtained 
where  diarrhoea  or  ulceration  is  found,  then  the  bouillon  culture 
introduced  into  the  peritoneum  produces  septic  peritonitis  or,  in 
smaller  doses  beneath  the  skin,  suppuration.  Cultures  which  were 
violently  septic  have  been  found,  on  exposure,  to  become  pyogen- 
ic. When,  therefore,  the  soil  on  which  it  grows  is  modified  by  an 
intestinal  lesion,  this  organism  assumes  a  virulent  condition,  and  if 
it  can  make  its  way  into  the  peritoneal  cavity  or  into  any  organ  of 
the  body,  it  is  capable  of  setting  up  septic  or  suppurative  processes 
of  a  greater  or  lesser  degree  of  intensity. 

Under  favorable  conditions  other  organisms  may  assume  pyo- 
genic qualities,  such  as  the  typhoid  bacillus  and  the  pneumococcus. 

The  gottococc us  was  first  discovered  in  1879  by  Neisser,  and  sub- 
sequent investigation  has  sustained  the  conclusion  that  it  is  the 
specific  organism  which  produces  gonorrhoea.  It  is  a  compara- 
tively large  micrococcus,  measuring  1*25/*  in  diameter,  and  is 
usually  arranged  as  a  diplococcus. 

One  of  the  most  striking  peculiarities  of  the  gonococci,  however, 
is  the  fact  that  they  are  accustomed  to  penetrate  the  protoplasm  of, 
and  to  multiply  rapidly  in,  the  pus-cells.  The  nucleus  of  the  cells 
is  not  touched  by  them.  This  characteristic  grouping  distinguishes 
them  from  nearly  all  other  forms  of  micrococci.  It  is  indeed  very 
rare  to  see  any  gonococci  outside  the  pus-cells.  A  cell  may  be  so 
filled  with  them  as  to  lose  all  its  characteristic  structure  and  appear 
as  a  clump  of  cocci.  The  relation  of  the  bacteria  to  the  pus- 
corpuscles  is  regarded  by  some  as  evidence  of  its  activity,  by  others 
as  an  illustration  of  the  protective  action  of  the  phagocytes. 

The  gonococci  are  stained  well  with  methyl-blue.  They  do  not 
adapt  themselves  to  the  Gram  method,  as  the  iodide  of  potassium 
deprives  them  of  their  color.      Neisser  recommends  the  following 


method  :  A  cover-glass  having  been  prepared  with  a  layer  of  the 
fluid  to  be  examined  in  the  usual  way,  it  is  treated  for  a  few 
llltes  with  a  concentrated  alcoholic  solution  of  eosin,  the 
action  of  which  is  reinforced  by  heat.  The  excess  of  eositi 
being  removed  by  blotting-paper,  a  concentrated  alcoholic  solu- 
tion of  methyl-blue  is  next  applied  for  fifteen  seconds,  and  then 
washed  off  with  distilled  water.  The  cocci  are  now  seen  colored 
blue,  while  the  protoplasm  of  the  leucocytes  is  stained  a  delicate 
lc  and  their  nuclei  blue  (Fig.  12). 

The  gonococci   do  not   grow  on  any  of   the  ordinary  culture- 
media,  such  as  gelatin  or  agar  or  potatoes.     Even  on  the  media  on 

:h  they  do  develop  ihey  are  so 
frequently  mixed  up  with  other 
forms  that  the  latter  grow  rapidly 
and  present  appearances  which 
make  it  difficult  to  distiii 
them  from  the  genuine  gonococci. 
Bumm  has  succeeded,  however, 
in  making  them  grow  on  human 
blood-serum,  but  this  growth  is 
accomplished  with  considerable 
difficulty.  The  materials  used 
must,  in  the  first  place,  be  as  free 
as  possible  from  other  organisms, 
otherwise  the  latter  will  outgrow 
the  coccus.  The  gonorrheal  pus, 
containing  the  organism  in  large 

numbers,   must  be  placed   on   the   surface  of  the  blood -serum 
drops  of  considerable  size.     Scratch-  or  stab-cultures  are  of  no 
value.       The  test-tube  must  be  placed  in  an  oven  at  a  tempera- 
ture of  from    330  to   37  °  C.      The   growth  forms  a  delicate  film 
with    well-defined,    irregular   borders.      It    appears    like    a   layer 
Varnish   upon  the  top  of  the  serum.     When  somewhat  thicker 
it  has  a  grayish-white  or  a  slightly  brownish  tinge.     The  growth 
is  slow  and  scant  in  amount.     At  the  end  of  two  or  three  days  the 
cocci  begin  to  die  off,  and  the  culture  must  therefore  be  often  trans- 
planted if  it  is  desired   to  preserve  the  organisms.     As  nothing 
further  will  be  said  about  this  disease,  it  may  be  well  to  study  here 
■  ction  of  the  gonococci  in  the  human  epithelium. 
For  some  time  it  was  thought  that  sufficient  proof  had  not  been 
afforded  of  the  specific  character  of  the  gouococcus.     There  is  no 
single  characteristic  which  distinguishes  this  organism  from  all 
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others,  but  the  combination  of  peculiarities  which  have  just  been 
mentioned  is  such  as  is  not  found  in  other  forms  of  bacteria. 
These  peculiarities  are — the  diplococcus  or  u  breakfast-roll ,T  shape, 
the  characteristic  arrangement  of  the  organism  in  the  pus-cells, 
the  bleaching  caused  by  Gram's  solution  of  iodide  of  potassium, 
and  the  difficulty  of  cultivation  on  ordinary  media. 

Proof  positive  has  been  afforded,  however,  by  several  experi- 
menters of  its  contagious  character.  Bumm  transplanted  the 
twentieth  generation  of  a  gonococcus  culture  to  the  urethra  of  a 
bedridden  paralytic,  and  produced  a  typical  gonorrhoea.  This 
experiment  has  recently  been  made  upon  the  healthy  urethra  of 
medical  students.  Bumm  also  examined  the  different  stages  of  the 
gonorrhceal  inflammation  in  the  conjunctiva  of  new-born  infants. 
Twenty-six  fragments  were  taken  from  the  conjunctival  mem- 
brane at  periods  of  the  disease  varying  from  thirty-six  hours  to 
thirty-two  days.  He  found  that  the  cocci,  once  having  entered 
the  conjunctival  sac,  reproduce  themselves  rapidly  in  the  secre- 
tions, next  invade  the  epithelial  layer,  and  finally  force  their -way 
down  to  the  papillary  layer.  On  the  second  day  an  enormous 
immigration  of  leucocytes  takes  place  into  the  invaded  layer  of 
epithelium  and  the  surrounding  cells,  pushing  the  epithelial  cells, 
so  as  to  lift  them  from  their  bed.  On  the  papillary  layer  thus 
exposed  there  forms  an  exudation  of  a  nbro-celhilar  character  in 
which  are  clumps  and  rows  of  growing  cocci.  The  bacterial 
growth  does  not  invade  the  deeper  tissue ;  it  does  not  go  beyond 
the  most  superficial  of  the  sub-epithelial  layers.  A  regeneration 
of  the  epithelium  soon  covers  over  the  denuded  spots,  and  the 
cocci,  after  growing  for  some  time  longer  on  the  surface,  gradually 
disappear.  It  is  only  on  certain  types  of  mucous  membrane  that 
these  organisms  will  grow — namely,  those  which  possess  a  cylin- 
der epithelium  or  one  closely  allied  to  it.  These  are  the  mem- 
branes of  the  male  and  female  urethra,  the  uterus,  Bartholin's 
glands,  and  the  conjunctiva.  The  more  deep-seated  secondary 
inflammations,  such  as  involve  the  prostate,  the  epididymis,  the 
testicles,  the  uterus,  and  the  tubes,  are  frequently  due  to  the  pres- 
ence of  some  of  the  pyogenic  bacteria  -,  but  suppurative  inflamma- 
tion of  both  tubes  and  ovaries  has  been  found  to  be  due  largely  to 
the  presence  of  the  gonococcus.  The  aureus  has  been  found  as  a 
frequent  companion  of  the  gonococcus  in  the  urethral  discharge 
and  in  the  pus  from  gonorrhoea!  buboes.  The  metastatic  inflamma- 
tion of  joints  and  the  endocarditis  which  occur  as  sequelae  of 
gonorrhoea  have   been   supposed    to  be   due   to   the   presence  of 
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tic  cocci,  but  Councilman  and  others  have  shown  that  the 

gonococcus  may  be  the  sole  organism  concerned  in  the  inflamma- 

torj  process. 

Why  the  gonococcus  should  grow  only  in  the  superficial  layers 

n    mucous   membranes,  and  nowhere   else    in   the  body, 

not  yet   been   satisfactorily  explained.     The  most  plausible 

y  seems  to  be  that  inasmuch  as  the  gonococci  possess  a  very 

marked  preference  for  oxygen,  they  find  a  better  culture-soil  in  the 

epithelium  than  in  the  subjacent   connective  tissue.     Bumra  has 

shown  that   injections   of  pure  gonorrhceal   discharge  or  of  pure 

cultures  of  the   gonococcus  into  the  subcutaneous  tissue  do  not 

produce  suppuration.     That  this  loss  of  activity  is  not  explained 

lie  action  of  phagocytes  is  shown  by  the  fact  that  the  organ- 

when  the  tissues  are  examined  later,  are  not  taken  up  by 

the  cells  of  the  part,   but  are  nearly  all   to  be  found  outside  the 

leucocytes. 

r  the  gonococci  have  existed  for  a  certain  length  of  time  in 
the  epithelium    of   the   part,    they   disappear   spontaneously   in  a 
certain  number  of  cases.     This  disappearance  is  accounted  for  by 
the  casting  off  of  the  cylinder  epithelium  during  the  inflammatory 
processes,  and  its  replacement  by  a  pavement  epithelium  which 
;s  the  efforts  of  the  cocci  to  penetrate  it.      In  this  way  proper 
nutriment  gradually  fails  them  and  they  die  out.     It  is  generally 
pted  that  cure  is  effected  in  this  way  rather  than  by  the  phago- 
cytes,  for   such   leucocytes  as  are   invaded   by   the   gonococci   are 
destroyed  by  the  latter  during  the  active  growth  and  multiplication 
of  the  organisms  which  take  place  in  the  protoplasm  of  those  cells. 
Sire:  taiis    in    all   respects   so  closely   resembles 

the  streptococcus  pyogenes  that  the  majority  of  bacteriologists  are 
►  detect  any  constant  differences  between  them  either  by 
the  microscope  or  by  culture.      The  description  of  the  organism 
coincides  with  that  already  given  to  the  streptococcus:  therefore  it 
cdless  to  repeat  it  here.      Roseubach  undertakes  to  recognize 
certain  distinguishing  marks   between  the  two.       He  thinks  the 
cocci  and  the  chains  of  the  erysipelas  coccus  are  larger  than  those 
of  the  pyogenic  coccus.      His  delineations  of  the  culture  show  a 
growth   of   the    erysipelas    coccus    more    transparent    and    more 
il.ir  and  nodular  in  outline  than  is  seen  in  the  cultures  of  the 
other  organisms.      The  brownish  tint  of  the  culture  is  also  want- 
ing-.    The  weight  of  evidence  at  the  present  time  is,  however,  in 
favor  of  the  identity  of  the  two  organisms.     The  question  is  dis- 
cussed more  at  length  in  the  chapter  on  Erysipelas. 
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Bacillus  Tc/ani. — The  first  observations  on  the  nature  and  origin 
of  this  organism  were  made  in  18S4  by  Nicolaier,  who  found  a 
bacillus  in  garden  soil,  and  who  succeeded  in  producing  tetanus 
in  mice,  guinea-pigs,  and  rabbits  by  injecting  the  soil  into  tliein 
subcutaueously.  The  same  organisms  were  found  in  the  diseased 
animals,  but  there  was  great  difficulty  in  obtaining  a  pure  culture 
of  the  bacilli,  thus  giving  conclusive  evidence  of  its  power  to 
produce  the  disease.  This  culture  was  finally  accomplished  in 
1889  by  Kitasato,  who  planted  on  a  suitable  cnltnre-soil  a  frag- 
ment of  tissue  from  the  neighborhood  of  a  wound  in  a  man 
dead  of  the  disease.  He  found  that  the  spores  of  this  bacillus 
germinated  before  those  of  the  other  forms  of  bacilli  mixed  with 
it.  As  soon  as  these  spores  had  formed  he  subjected  the  culture 
to  a  temperature  of  8o°  C,  which  killed  off  all  bacteria;  con- 
sequently, the  spores  of  the  tetanus  bacillus  alone,  remained,  and 
a  pure  culture  of  this  organism  was  obtained  as  soon  as  the  bacilli 
had  developed  from  them.  The  spores  are  found  in  garden  soil, 
in  masonry,  in  decomposing  liquids,  and  in  manure. 

The  tetanus  bacillus   is   a   large   slender   rod  with  somewhat 
rounded  ends.     It  resembles  the  bacillus  of  mouse  septicaemia,  but 
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Fie.   13. —  Bacillus  Telani. 

is  longer:  in  fact,  it  sometimes  grows  into  long  chains  which  show 
very  imperfectly  the  lines  of  division.  The  spore-formatiou  takes 
place  at  the  end  of  the  bacillus,  and,  as  it  enlarges  the  cell 
considerably,  gives  it  a  "pin"  or  "drumstick"  shape  (Fig.  13)* 
The  spore  germinates  at  a  temperature  of  37, 50  C.  in  thirty  hours; 
in  the  temperature  of  a  house,  in  about  a  week.  It  is  motile,  and 
belongs  to  the  strictly  anaerobic  organisms,  rapidly  dying  when 
exposed   to   the   air.     It   is   readily  colored   by  methyl-blue   and 
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isin,  and  is  brought  out  very  perfectly  by  the  Grant  method 
It  con  be  cultivated  in  gelatin  mixed  with  grape-sugar,  which  aids 
in    its   rapid   development.     The   upper   portions   of    the   gelatin 
remain  sterile,  but  in  the  lower  portions  of  the  puncture  there  is 
an  active  bacterial  growth  which  sends  out  innumerable  little  pro- 
longations, giving  to  the  culture  the  appearance  of  an  inverted  fir 
tree.     After  the  first  week  the  gelatin  begins  to  liquefy  and  to 
obscure   the   peculiar   features   of  the  growth,  until,   finally,   the 
gelatin  is  changed  into  a  whitish-gray,  tenacious,  shining  mass. 
To  obtain  cultures  of  the  tetanus  bacillus  from  cases  of  trau- 
matic tetanus   in   man  or  from  experiment  animals  the  following 
method  may  be  employed,  which  is  a  modification  by  Frothingham 
of  Kitasato's  method  : 

Inoculate  tubes  of  decidedly  alkaline  bouillon  with  pus  from  the  wound  or 
pint  of  inoculation.  If  there  is  no  pus,  small  fragments  of  tissue  are  snipped 
from  the  region  of  the  wound  and  used  for  this  purpose.  The  tubes  should 
now  be  placed  in  an  atmosphere  of  hydrogen  at  a  temperature  of  from  yf  to 
jo*  C.  At  the  end  of  forty  eight  hours  a  microscopic  examination  may  be 
nude,  and  if  the  tetanus  bacilli  are  found,  the  tubes  are  to  be  heated  for 
of  an  hour  to  one  hour  in  a  water-bath  previously  heated  to 
8cf  C.    From  these  heated  tubes  fresh  alkaline  bouillon  may  be  inoculated. 


U  — Hydrogen  Jar  for  Anaerobic  Culture*..     Tl  k  on  the  right  allows  the 

air  to  escape  from  the  jar,  while  the  hydrogen  is  passed  in  from  the  left. 

These  fresh  cultures  may  be  allowed  to  develop  under  hydrogen  at  a  temper* 
aturc  of  ,37°  C.  for  forty  eight  hours  (Fig  14)    Pure  cultures  should  be  obtained 
in  tim   viiv.  tin   parity  of  the  culture  being  verified  by  microscopic  exruuin;t 
tion  and  growth  oa  solid  culture-media,  and  the  virulence  being  determined 
by  inoculation  experiments. 

Briefer  has  obtained  from  cultures  a  toxine  which  he  named 
"tetania,"  and  in  addition  "  tetanotoxin  n  and  "spasmotoxin," 
all  of  which,  when  injected  into  animals,  produce  convulsive 
movements  and,  finally,  paralysis.     Inasmuch  as  the  same  group 


of  symptoms  were  obtained  by  the  toxines  as  were  obtained  by  the 
bacilli,  and  as  the  latter  are  hard  to  find  in  the  blood  and  internal 
organs  of  individuals  affected  with  tetanus,  it  has  been  thought 
probable  that  the  symptoms  of  the  disease  are  largely  produced  by 
these  chemical  substances. 

Although  Rosenbach  and  Shakspeare  have  stated  that  the 
bacilli  are  to  be  seen  in  the  central  nervous  system,  subsequent 
observers  have  not  been  able  to  find  them,  and  it  is  probable,  there- 
fore, that  the  convulsions  are  produced  by  the  tetauiu  elaborated 
by  these  organisms. 

Bacillus  Tuberculosis. — Although  experiments  were  made  as 
early  as  1865  by  Villemin  to  prove  the  inocnlability  of  tubercle, 
and  as  Cohnheirn  in  the  following  decade  decided  that  tubereu'J 
was  a  specific  infectious  disease,  it  was  not  until  1882  that  Baum- 
garten  and  Koch  simultaneously  discovered  the  organism  which 
causes  the  disease.  Baumgarten  should  receive  credit  for  first 
having  seen  the  bacillus  with  the  microscope,  but  it  remained  for 
Koch  to  cultivate  it  successfully  and  by  inoculation  to  prove  beyond 
question  its  right  to  be  considered  the  cause  and  only  cause  of 
tuberculosis. 

The  tubercle  bacilli  are  small  and  thin  rods  about  2  to  4/x  in 
length  ;  that  is,  about  one-quarter  to  three-quarters  the  length  of 
the  diameter  of  a  red  blood-corpuscle.  The  ends  of  the  rods  are 
generally  slightly  rounded,  and  are  usually  slightly  bent  near  the 
middle  or  are  more  or  less  curved.  In  artificial  cultures  the  rods 
are  a  little  smaller  thau  when  growing  in  the  tissues.  The  longest 
rods  are  usually  seen  in  phthisical  sputa.  They  are  generally 
single,  occasionally  being  fouud  in  pairs  arranged  like  a  V,  and 
sometimes  several  are  strung  together.  They  do  not  possess  the 
power  of  motion.  Whether  spore-formation  takes  place  is  unde- 
termined, although  Baumgarten  thinks  it  highly  probable  that 
it  does  occur,  as  a  cheesy  material,  in  which  it  is  impossible  to 
demonstrate  the  bacilli  by  any  method  of  staining,  when  inocu- 
1  into  animals  produces  the  disease.  Free  spores  have  never 
been  seen,  nor  have  the  bacilli  been  observed  in  the  act  of  spore- 
formation.      In   the    fresh   state  none   of  those   bright,    glistening 

ts  are  seen  which  are  characteristic  of  spores.  When  colored, 
the  bacilli  exhibit,  placed  in  regular  order,  bright  spots  which  are 
very  snggestive  of  spores.  The  expectorations  can  be  kept  months, 
and  even  years,  in  a  dried  state  without  destroying  the  vitality  of 
the  bacilli.  The  acids  of  the  stomach  and  the  products  of  decom- 
position have  no  effect  upon  them.     Pure  cultures  of  bacilli  have 
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been  mixed  with  the  food  of  animals,  and  have  thus  been  passed 
through  the  digestive  tract  without  any  effect  upon  their  vitality. 
This  durability  seems  to  be  due  to  the  unusually  tougfa  cell-wall 
which  the  bacillus  possesses.  The  organism  is  a  facultative 
anaerobic  ;  that  is,  it  may  grow  without  oxygen,  although  it  pre- 
to  grow  with  oxygen. 
This  is  one  of  the  few  bacteria  which  have  a  pathognomonic 
stain.  Though  taking  the  ordiuary  watery  and  alcoholic  aniline 
stains  with  difficulty,  yet  when  properly  stained  it  does  not  give 
up  its  coloring  material  even  in  the  presence  of  mineral  acids — a 
property  which  the  bacillus  of  leprosy  alone  holds  in  common  with 

The  following  is  a  convenient  method  (Ziehl)  of  examining  the 
sputa : 

The  sputum  selected  is  spread  out  upon  a  glass  with  a  dark  background  to 
enable  one  to  detect  the  various  details,  such  as  the  fragments  of  the  dis- 
long,  the  secretions  of  the  upper  air-passages,  and  the  saliva.  The  bacilli 
are  usually  found  in  the  lung* fragments,  whieli  are  small,  tough,  yellow 
clumps  floating  in  the  saliva.  One  of  these  clumps  is  removed  by  the  steril- 
ized platinum  needle  and  placed  upon  a  cover  ;  a  second  cover-glass  is  then 
placed  upon  the  first,  and  the  specimen  is  gently  pressed  between  the  two  so 
as  to  form  a  thin  layer,  whereupon  the  glasses  are  separated  by  a  sliding 
motion  and  are  allowed  to  dry  in  the  air.  To  complete  this  process  the  glass 
to  be  stained  is  rapidly  passed  three  times  through  a  flame.  A  few  drops  of 
carbolic  fuchsm  '  are  allowed  to  trickle  over  the  glass,  and  it  is  held  over  the 
flame  until  the  coloring  fluid  partially  evaporates.  More  staining  fluid  is 
now  added,  and  the  heating  repeated  until  a  satisfactory  coloring  is  obtained, 
or  the  coloring  fluid  containing  the  specimen  can  be  placed  in  a  watch-glass 
and  heated  for  a  few  moments  over  a  water- bath.  The  specimen  is  then 
washed  with  distilled  water.  To  decolorize  the  surrounding  cells  and  other 
forms  of  bacteria  a  strong  decolorizing  agent  must  be  used,  as,  for  example, 
a  5  to  10  per  cent,  solution  of  sulphuric  acid.  The  glass  is  moved  up  and 
down  in  this  solution  until  the  deep-red  color  becomes  a  yellowish  brown. 
ce  the  glass  in  70  per  cent,  alcohol  to  wash  out  the  dissolved  fuchsin. 
Wash  with  distilled  water  and  color  again  with  ordinary  watery  solution  of 
methyl-blue.  Wash,  finally,  with  distilled  water  and  examine,  wet  or  dry, 
the  specimen,  and  ragout  it  permanently  in  Canada  balsam. 

The  specimen  is  examined  to  the  best  advantage  when  wet,  as 
the  bacilli  are  not  so  much  shrivelled  as  when  mounted  in  Canada 
balsam.  The  tubercle  bacilli  will  be  found  colored  red,  and  any 
other  bacteria  which  happen  to  be  present,  and  which  have  been 
deprived  of  their  red  color  by  the  acid,  are  stained  blue,  so  that 
the  different  kinds  can  thus  readily  be  distinguished  from  one 
another  (Figs,  15,  16).     The  method  may  be  simplified  by  dipping 

1  Fuchsin  10  parts  in  too  parts  of  a  saturated  aqueous  solution  uf  carbolic  aci-l. 


the   methyl-blue   are   both    present:    water,    50   parts,   alcohol   30 
parts,  nitric  acid  20  parts,  and  methyl-blue  to  saturation.     This 
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Kic.  16. — Tuberculous  Urine, 

simplifies  llic  process  somewhat.     Sections  are  colored  very  much 
in  the  lame  v. 

Place  the  KCt&OB  for  half  an  hour  in  a  dish  of  carbolic  fuehsiu  ;  allow  it 

nute  in  a  5  per  cent,  solution  of  sulphuric  acid  :  wash  in.  60 

per  o  ii    1    obol.     Next  stain  with   methyl-blue  for  two  or  three  minutes. 

!  W«k  alcohol,  dehydrate  in  absolute  alcohol,  and,  having 

1  1*.  in  oil  of  cedar,  mount  in  Canada  bal: 
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Although  for  clinical  work  the  short  methods  may  be  used  in  the 
hands  of  experts,  still  it  must  be  remembered  that  the  Ziehl 
solution  stains  a  number  of  spores,  which,  unless  recognized, 
may  prove  a  source  of  error.  It  is  not  generally  known  that 
under  certain  conditions — for  example,  age — the  bacilli  may  not 
ta  stained  by  the  quick  methods.  When  stained  for  twenty- 
four  hours  according  to  the  now  nearly-forgotten  Koch-Ehrlich 
method  the  bacilli  are  well  defined.  For  this  reason  the  Koch- 
Ehriich  method  is  given.  It  should  however,  be  remembered  that 
this  method  shows  crystalline  forms  which  may  be  mistaken  for 
bacilli: 

Place  the  section  in  aniline-water  fuchsin  for  twenty-four  hours;  decolor- 
ize in  a  25  per  cent,  solution  of  nitric  acid  ;  wash  in  60  per  cent,  alcohol : 
place  in  watery  methyl -blue  for  a  few  moments  ;  wash  and  mount. 

Under  the  microscope  is  seen   the  miliary  tubercle  consisting  of 
leucocytes  and  epithelial  cells,  and   a   giant-cell  in  or  near  the 
centre  of    the   growth.      The    bacilli    are    found    lying    in   small 
numbers  between  the  leucocytes  and  in  the  giant-cell.     The  nuclei 
of  the  giant-cell  appear  to  be  arranged  in  a  radiating  manner  at  its 
periphery,  as  do  also  the  bacilli.     This  arrangement  is  due  to  the 
fact  that  the  centre  of  the  cell  has  undergone  degeneration  and  its 
contents  at  this  part  have  disappeared.     This  appearance  is  quite 
characteristic   of   the   tubercular  giant-cell,    and   distinguishes  it 
from  the  giant-cell  of  sarcoma  (Fig.  76).     The  degenerative  pro- 
cess tfl  seen  also  in  the  other  cells  at  the  centre  of  the  tubercle, 
while  new  cells  and  bacilli  are  seen  on  the  borders.     In  this  way 
the  growing    tubercle    undergoes    a    cheesy   degeneration   at   its 

»  centre.  If  the  disease  at  this  stage  is  on  the  surface  of  the  skin  or 
a  membrane,  ulceration  will  occur. 
The  growth  of  the  organisms  is  exceedingly  slow,  and  takes 
place  at  the  temperature  of  the  human  body,  and  very  slight 
deviations  from  this  point  are  likely  to  arrest  their  development. 
Koch  devised  expressly  for  this  organism  the  hardened  blood- 
serum.  Xoeard  and  Roux  have  suggested  a  combination  of  agar 
with  glycerin,  upon  which  it  grows  even  better,  as  the  bacillus 
seems  to  have  a  predilection  for  glycerin,  and  this  being  also 
much  more  easily  sterilized.  When  cultivated  in  the  test-tube  on 
agar  thus  prepared,  a  well-developed  growth  is  procured  at  the  end 
of  fourteen  days,  while  on  blood-serum  from  one  to  two  weeks 
re  must  pass  before  the  culture  reaches  the  same  point  It  then 
appears  as  thick  crusts  of  a  dull  grayish-white  color,  which  crusts 
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are  very  dry  and   brittle   and   are  made  up  of  minute  scale-like 
masses  (Fig.  17).     If  the  growth  meets  a  drop  of  condensed  moist- 
ure, it  will  form  a  tliin  film  over  the  latter,  without 
in  the  least  disturbing  the  clearness  of  the  fluid. 

To  obtain  materials  with  which  to  make  a  series 
of  pure  cultures  tuberculous  sputa  may  be  injected 
into  a  guinea-pig.  When  tuberculosis  is  established, 
the  animal  should  be  killed,  and  a  fragment  of  tu- 
bercle taken,  with  due  precautions,  from  the  lung 
and  placed  upon  the  culture-soil.  After  develop- 
ment takes  place  the  fragment  of  lung  can  be 
under  a  low  power,  and  surrounding  it  are  seen 
S-sliaped,   wavy,  and  scroll-like  masses  of  bacilli. 

The  tubercle  bacillus  is  not  found  growing  out- 
side the  living  tissues  of  man  and  animals,  the 
necessary  conditions  of  nutrition  and  temperature 
not  existing  elsewhere.  They  must  be  regarded, 
therefore,  as  true  parasitic  organisms.  Although 
they  are  unable  to  grow  around  us,  their  great  power 
of  resistance  permits  of  their  being  preserved  for  a 
long  time  in  a  dried  state  mixed  with  dust,  and  of 
taking  on  an  active  growth  whenever  an  opportunity 
occurs  for  them  to  become  grafted  again  upon  the 
living  tissues. 

This  inoculation  may  take  place  on  the  skin  fol- 
lowing slight  blows  or  bruises  or  cuts.  The  hands 
of  ilteudants  on  the  sick  may  be  cut  with  a  glass 
containing  sputa.  Anatomical  tubercle  is  an  exam- 
ple of  this  form  of  contagion.  The  disease  known 
as  "lupus"  is  but  a  variety  of  tuberculosis  of  the 
skin.  As  has  been  seen,  the  bacillus  is  extrenn :\\ 
resistant  to  the  action  of  the  digestive  fluids,  and 
animals  experimentally  fed  with  this  organism  have 
succumbed  to  a  general  tuberculosis.  Whether  in- 
oculation can  take  place  through  the  uninjured  mu- 
cous membrane  has  not  been  demonstrated,  but  it  is 
probable  that  if  bacteria  can  penetrate  the  uninjured  skin,  they  can 
also  work  their  wav  through  a  normal  mucous  membrane.  As  a 
rule,  the  mesenteric  glands  are  found  first  affected,  and  afterward 
the  mucous  membrane — a  sequence  which  is  at  least  suggestive  that 
the  membrane  was  previously  in  a  healthy  condition.  Later,  the 
spleen  and  liver  are  found  infected.    A  very  practical  deduction  from 
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these  experiments  is  the  necessity  for  the  supervision  of  food,  par- 
ticularly the  milk  of  tuberculous  cows,  It  is  now  well  known  that 
the  orgum Miis  ire  found  in  the  milk.  H.  C.  Ernst  has  shown  that 
drops  of  infected  milk  injected  subcutaneously  into  a  guinea- 
pig  will  produce  a  general  tuberculosis  even  though  there  be  no 
manifestations  of  disease  in  the  udder. 

The  question    of   an    infection    through    the   respiratory  tract 
appears  to  be  a  disputed  one.      According  to  Baumgarteu,  experi- 
mental work  seems  to  point  against  such  mode  of  entrance  into  the 
w!em.     Frankel,  who  writes  with  the  authority  of  Koch  behind 
•;■,,  [.kes  the  opposite  view,  and  believes  that  breathing  infected 
frequent  mode  of  acquiring  the  disease.      Experi- 
ment shows  that  the  disease  appears  first  at  the  point  of  infection, 
and  therefore  is  at  first  local.      The  frequency  of  the  disease  in  the 
lungs  surety  points  strongly  to  the  respiratory  tract  as  the  route 
through  which   infection  lakes  place.     Inasmuch  as  it  has  been 
proved  that  bacilli  can  float  in  the  air  when  dry,  it  is  probable  that 
they  are  in  this  way  conveyed    from   one   individual  to  another. 
The  durability  of  the  organism,  as  already  seen,  protects  it  from 
the  injurious  influences  of  desiccation.      As  Stone  has  shown,  it 
mny  retain  its  vitality  in  this  condition  for  three  years.      How  this 
transfer  may  take  place  has  been  explained  by  the  investigations 
of  Cornet.       He  demonstrated  that   the  organisms  are  not  found 
distributed  indiscriminately  in  the  air  and  other  surroundings,  but 
that  they  are  found  only  in    localities  frequented  by  tuberculous 
patients,  in  such  places  as  one  would  expect  to  find  their  expec- 
torations.    This  he  demonstrated  by  injecting  the  dust  of  infected 
s  into  guinea-pigs,  thus  producing  the  disease.     The  dust 
of  other   localities    produced    negative   results.     The   bacilli   are 
therefore    frequently    found    in    houses    inhabited    by    tuberculous 
individuals.      The   organisms,  having  been  expectorated  on   the 
floor  or  on  handkerchiefs,  are  subsequently  disseminated  through 
the  building  in  the  form  of  dust.     Cornet  regards  with  suspicion 
hotels  or  hospitals  occupied  by  consumptives,  and  the  same  may 
be   said    of    factories,    prisons,    or    other    buildings    where   large 
numbers  of  individuals  are  congregated.     Cornet  strongly  advises 
tuberculous  sputa  should  not  be  allowed  to  dry  up,  but  should 
be  kept  in  a  moist  si 

Bacillus  wallet  (bacillus  of  glanders  ;  rotz  bacillus;  morve). — 
This  organism  was  discovered  by  Loffler  and  Schutz,  who  made 
their  announcement  in  1882.  They  demonstrated  the  presence  of 
the  bacilli  in  the  diseased  tissues,  cultivated  them  outside  the  living 


organism,  and  inoculated  them  successfully  into  animals,  thus 
reproducing  the  disease.  These  organisms  are  somewhat  shorter 
than,  and  not  quite  so  thin  as,  the  tubercle  bacilli  ;  that  is,  in 
length  they  are  about  two-thirds  the  diameter  of  a  red  blood-cor- 
puscle. They  are  frequently  arranged  in  couples,  side  by  side,  but 
generally  are  single.  In  culture  several  of  them  may  be  linked 
together  in  a  chain  (Fig  18) ;  in  the  tissues  they  are  distributed  in 
clusters,  either  parallel  with  one  another  or  pointing  in  various 
directions.     They  possess  no  movements  of  their  own.     The  pres- 
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Fig.  i  8. — Bacillus  Mallei. 


ence  of  spores  has  been  doubted,  and  the  peculiar  bright  spots  seen 
when  the  bacilli  are  colored  are  not  spores,  but  are  evidences  rather 
of  a  degenerative  change.  Baumgarten  has,  however,  by  a  special 
method  of  staining*  been  able  to  show  that  in  some  cases  at  least 
they  are  able  to  form  spores.  He  does  not  think,  however,  the 
spore- formation  takes  place  in  the  living  tissue.  The  durability 
of  the  glanders  bacilli  is  not,  however,  apparently  great ;  they  do 
not  bear  desiccation  more  than  two  or  three  weeks  ;  exceptionally 
they  may  last  as  long  as  three  months.  The  so-called  "  spontane- 
ous glanders  "  which  occurs  at  long  intervals  after  the  existence 
of  a  local  epidemic  may  be  explained  possibly  by  the  presence  of 
spores.  They  belong  to  the  facultative-anaerobic  bacteria,  Bod 
grow  best  at  a  temperature  of  from  300  to  40°  C.  They  belong  to 
that  class  of  bacteria  which  takes  the  staining  fluid  easily,  but  they 
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as  readily  lose  their  color.  One  of  the  simplest  methods  of  stain- 
ing is  to  treat  a  cover-glass  preparation  with  warm  carbolic  fuchsin, 
and  to  wash  off  with  a  2  per  cent,  solution  of  nitric  acid.  No 
meth'Hl  of  double  staining  has  yet  been  successful.  In  staining 
sections  they  should  be  placed  six  to  eight  hours  in  carbolic 
methvl-blue,  then  iu  acetic-acid  solution,  and  finally  in  distilled 
•water.  Having  been  dried  on  the  object-glass  with  a  current  of 
^  they  are  cleaned  in  xylol  and  mounted  in  Canada  balsam. 

The  bacilli   can   be  grown   upon  a  4   per  cent,   glycerin-ag:ir. 
When  cultivated  upon  this  soil,  hardened  obliquely  in  a  test-tube 
at  a  temperature  of  370  C,  they  form  on  the  fourth  or  fifth  day  a 
white,  transparent,  moist,  glistening  film  along  the  needle  track. 
The  growth  on  potato  is  very  characteristic,  it  forming  here  a  yel- 
low, transparent,  honey-like  layer  which  appears  on  the  second  day. 
In  a  few  days  it  becomes  deepened  in  hue  and  less  transparent. 
For  a  short  distance  around  the  border  of  the  culture  the  potato 
acquires  a  yellowish-green  color.     No  other  organism  presents  these 
appearances  under  cultivation.     When  seen  in  sections  under  the 
microscope,  the  bacilli  are  found  singly  or  in  small  groups,  the 
latter  evidently  having  developed  in  a  cell  which  has  subsequently 
broken  up.     The  capillary  vessels  do  not  seem  to  be  involved,  a 
fact  which  corresponds  with  their  rare  occurrence  in  the  circulation. 
The  greatest  collection  of  bacilli  is  in  the  centre  of  the  nodule  or 
tubercle — a  condition  which  is  almost  as  characteristic  of  glanders 
a.s  h  is  of  tuberculosis.      As  the  border  is  approached  few  organisms 
are  found.     The  majority  of  the  bacilli  lie  between  the  cells.     The 
principal  cells  of  the  nodule  are  the  epithelioid  cells  ;  giant-cells 
are  never  seen.     As  the  nodule  develops  leucocytes  abound.     The 
pathological  changes  which  follow  resemble  the  softening  of  sup- 
puration.    The  process  seems  to  stand  midway  between  the  cheesy 
degeneration  of  tubercle  and   the  suppuration   produced   by  the 
,:enic   cocci.     Very  few   of    the   organisms   are    found    in    the 
secretions  from  the  nostrils.     It  has  been    found  that  the  bacilli 
readily  lose  their  virulence  after  several  generations  of  culture  have 
been  reached,  and  this  points  to  the  fact  that,  outside  the  living 
organisms,  the  conditions  are  unfavorable  for  their  preservation. 
The  bacillus  mallei  probably  does  not  grow  out  of  the  living  tissues 
except  under  very  favorable  circumstances,  it  being  for  the  most 
part  a  true  parasite. 

The  virus  can  readily  be  inoculated  into  horses,  and  the  disease 
with  all  its  characteristic  symptoms  may  thus  be  reproduced. 
Asses  are  also  susceptible  to  glanders,  as  are  goats,  cats,  field-mice, 


and  guinea-pigs.  Pigs,  white  mice  and  house-mice,  and  oxei 
however,  possess  a  certain  immunity.  Lions  and  tigers  have  su< 
cumbed  to  the  disease  by  infection  experimentally  produced  I 
mixing  the  virus  with  their  food.  The  virus  acts  first  at  the  poii 
of  inoculation,  and  thence  spreads  slowly  throughout  the  tissue 
the  blood  remaining  almost  entirely  free  from  bacilli.  At  tl 
post-mortem  examination  nodules  are  found  in  the  spleen,  tl 
liver,  or  the  lungs. 

In  examining  a  glanders  nodule  which  has  not  yet  broken  dov* 
one  is  generally  able  to  discover  the  bacilli  in  colored  sections  ;  bt 
it  is  well  at  the  same  time  to  make  a  potato-culture,  which  wil 
if  the  bacilli  are  present,  show  the  characteristic  growths. 

If  it  is  desired  to  examine  the  nasal  secretions  or  disci: 
from  ulcers,  a  satisfactory  result  will  not  be  obtained  by  the  abo\ 
methods,  for  here  the  bacilli  are  not  numerous,  and  are  mingle 
with  different  kinds  of  bacteria  which  resemble  them.  Thisdi 
ficulty  is  overcome  by  inoculating  guinea-pigs  with  the  material  1 
be  tested.  Field-mice,  which  are  otherwise  suitable  for  inoculj 
tion,  are  liable  to  die  of  septicaemia.  If  the  bacillus  mallei  t 
present,  it  will  be  found  in  the  nodules  that  develop  with  tli 
disease. 

Bacillus  of  Leprosy. — A  few  words  on  this  organism  are  appr< 
priate  in  this  chapter,  as  leprosy  is  a  disease  closely  allied  to  tube 
culosis,  and  its  organism  bears  points  of  resemblance  both  to  tli 
tubercle  and  to  the  glanders  bacillus.  The  disease  is  one  whic 
also  occasionally  comes  to  the  surgeon  for  operation.  This  bacilli 
was  first  described  in  1880  by  Hansen,  whose  work  was  later  coi 
tinned  by  Neisser,  a  skilled  bacteriologist.  The  bacilli  of  lepras 
in  appearance  are  almost  exactly  like  the  tubercle  bacilli,  The 
are  long  and  slender  rods  with  somewhat  sharpened  ends,  and  ar< 
like  the  tubercle  bacilli,  without  power  of  motion.  It  is  doubtfi 
also  whether  the  clear  uncolored  portions  seen  in  the  bacilli  aft< 
staining  are  or  are  not  spores.  As  has  already  been  shown,  the 
are  the  only  organisms  which  react  in  the  same  way  as  do  th 
tubercle  bacilli  to  coloring  reagents,  which,  however,  they  tak 
somewhat  more  readily.  The  readiness  with  which  the  bacil 
are  stained  by  the  ordinary  aqueous  and  weak  alcoholic  solutior 
of  the  aniline  colors  and  also  by  the  Gram  method  serves  to  distir 
guish   them   from  the  tubercle  bacilli. 

Although  the  bacillus  of  leprosy  is  found  in  all  cases  of  th 
disease,  it  is  not  fully  identified  as  the  causa  of  the  disease,  i 
being  impossible  to  obtain  reliable  cultures  by  any  of  the  know 


methods,  Inoculations  by  Bordoni  of  animals  with  the  bacilli: 
have  been,  without  exceptions,  failures,  which  Bordoni  explains 
bv  the  rapid  weakening  of  the  bacillus  when  removed  from  the 
body-  Melcher  and  Ortmatm  placed  fragments  of  nodules  from  a 
mtienl  immediately  in  the  anterior  chamber  of  the  eye  of  a  rabbit, 
and  observed  the  animal  die  of  the  disease  several  months  later. 
At  the  autopsy  small  nodules  were  found  in  the  internal  organs, 
and  the  presence  of  the  bacilli  was  demonstrated  in  them.  Arning 
inoculated  a  condemned  criminal  in  the  Sandwich  Islands  with 
material  cut  from  a  leper.  Some  months  later  a  nodule  appeared 
at  the  point  of  inoculation,  and  at  the  end  of  five  years  his  deal 
took  place,  general  leprosy  having  developed. 

The  bacilli  are  ordinarily  found  in  the  skin  and  the  tissue  stir 
rounding  the  nerves,  and  in  the  lymphatic  glands,  the  spleen,  an 
the  liver,  but  they  are  rarely  found  in  the  blood.     Their  tendency 
is  to  grow  in  clusters,  appearing  usually  inside  of  cells,  some  of 

i  are  epithelioid  in  character,  and  others  apparently  a 
leucocytes.  These  cells  have  been  called  "  lepra-cells "  by  the 
Germans,  but  some  observers  denied  the  existence  of  such  cells, 
and  claimed  they  were  merely  clusters  of  bacilli  lodged  in  dilated 
lymphatic  vessels.  Such  clusters  form  a  characteristic  appearance 
i:i  discharges  from  lepra  sores. 

Syphilis   Bacillus. — The   question   of    the   microbic  origin   of 
.vvphilis  has  been  extensively  discussed  and   investigated,   but 
vd  no  definite  conclusions  have  been  reached  which  are  general! 
accepted  by  bacteriologists. 

The  most  important  contribution  to  this  study  was  made  by 
Lustgarten,  who  in  1884  announced  that  he  had  discovered  in  the 
tissues  and  in  the  discharges  from  syphilitic  ulcers  a  bacillus 
closely  resembling  the  tubercle  bacillus,  but  distinguished  from 
other  forms  by  its  peculiar  method  of  staining.  The  bacillus  of 
syphilis  usually  is  slightly  curved   or  S-shaped. 

To  color  it  a  section  should  be  placed  for  from  twelve-  to  twenty-four  hours 
(at  the  ordinary  room -temperature)  in  a  solution  of  aniline-gentian-violet, 
and  for  two  hours  be  kept  at  a  temperature  of  400  C,  and  then  placed  in 
'  alcohol  for  a  few  minutes;  next  placed  for  ten  seconds  in  a  1  per 
watery  solution  of  permanganate  of  potash,  then  for  a  moment  in  a 
tig  watery  solution  of  sulphuric  acid,  and  finally  washed  out  in  distilled 
sufficiently  decolorized,  it  may  then  be  mounted  in  the  usual  way. 
The  same  method  may  be  used  for  the  cover-glass  preparation,  except  that 
water  should  be  used  instead  of  the  absolute  alcohol  after  staining,  and  the 
•  I>s  of  the  process  should  follow  one  another  more  rapidly, 
upler  method  is  to  keep  the  cover-glass  in  a  hot  solution  of  fuchsin 
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for  a  few  minutes,  leaving  sections  fur  twenty-four  hours  in  a  cool  solution, 
and  then  bleached  in  at  first  a  weak  and  afterward  in  a  concentrated  solution 
of  chloride  of  iron.  Cover-glasses  are  washed  in  water  and  the  sections  in 
alcohol. 

The  bacilli  of  syphilis  are  found  always  enclosed  within  large 
cells.  Lustgarten  maintains  that  he  has  found  these  organisms 
in  all  cases  of  syphilis  examined  by  him,  but  those  who  have 
carried  out  his  methods  have  been  unable  co  find  them.  They 
have  been  seen  oftener  in  the  cover-glass  preparations  than  in  the 
sections.  Glanders  and  tubercle  bacilli  are  stained  also  by  Lust- 
garten's  method,  but  his  syphilis  bacilli  appear  to  lose  their  color 
more  easily.  Lustgarten's  attempts  to  cultivate  these  bacilli  were 
not  successful.  They  are  said  to  have  been  grown  upon  a  gelatin 
prepared  from  the  bladder  of  Russian  sturgeon.  Transplantation 
of  a  fragment  of  tissue  on  gelatin  left  at  the  ordinary  house- 
temperature  produced  a  grayish-yellow  growth  around  the  frag- 
ment at  the  end  of  thirty -seven  days.  Inoculation  was  made  also 
with  the  blood  of  an  infected  monkey,  and  the  brownish  growth 
produced  was  seen,  on  examination,  to  be  composed  of  small 
bacilli.  Granules  were  found  also  in  the  cultures  which  were 
thought  to  be  spores. 

In  1885  a  discovery  was  made  which  threw  a  great  deal  of 
doubt  upon  the  genuine  nature  of  the  syphilis  bacillus.  Two 
observers  simultaneously  demonstrated  a  bacillus  in  the  preputial 
and  vulvar  smegma  bearing  a  striking  resemblance  to  Lustgarten' s 
bacillus.  Its  appearance  and  reaction  to  staining  were  the  same. 
Tlie  smegma  bacilli  were  supposed  to  lose  color  a  little  more 
rapidly  than  the  other  form,  but  this  difference  does  not  appear  to 
be  constant.  The  only  variation  between  the  two  forms  is  that, 
while  both  could  be  found  in  discharges  from  the  vulvar  or  the 
preputial  sores,  or,  possibly,  also  elsewhere  in  ulcerations  of  the 
surface  of  the  body,  the  smegma  bacilli  could  not  be  found 
imbedded  in  the  tissues.  Many  authorities  of  note  are  inclined  to 
think  that  some  relation  exists  between  these  organisms  and 
syphilis. 

But  this  is  not  the  only  organism  which  has  been  reported  as 
the  cause  of  the  disease.  Eve  and  Liugard  described  a  bacillus 
cultivated  from  the  blood  and  the  diseased  tissues  in  syphilis.  It 
resembles  the  tubercle  bacillus,  but  it  is  stained  by  the  ordinary 
aniline  fives  and  by  the  Grain  method,  Lustgarten's  method  yield- 
ing negative  results.  A  pure  culture  was  obtained  by  inoculating 
hardened  blood-serum  with  the  blood  or  weak  fragments  of  tissues 


syphilitic  patients.     The  growth  appeared  as  a  thin,  light- 
yellow  or  greenish    layer.       Inoculation   of   monkeys   from    this 
Tt:  were  not  successful. 
Disse  and  Taguchi  examined  the  blood  of  patients  with  sec- 
philis,   and  they  almost  constantly  found   cocci    i/x  in 
diameter,  isolated  or  in  colonics,  between    the  corpuscles.      The 
cultures  ii pou  the  different  media  appeared  as  grayish-white  masses, 
and  all  culture-media  except  serum  were  liquefied  by  them.     This 
Xttding  to  some,   the  only  organism   which   liquefies  agar- 
irain's   method  of   staining   yielded   good   results.      The 
important  claim  of  these  organisms  to  be  regarded  as  the 
cause  of  syphilis  was  the  inoculation  of  rabbits,  dogs,  and  sheep, 
and  the  production   of  a  chronic   infectious  disease   which  was 
transmitted  to  embryos  developed  before  and  after  the  inoculation. 
Inoculation  of  animals  with  the  discharges  of  the  diseased  tissue 
of  ?vphilitic  patients  has  not  always  been   attended  with  positive 
results.    Klebs  successfully  inoculated  monkeys  with   the  liquid 
obtained  from  an  excised  chancre,  in  which  liquid  he  had  found 
bacilli.    He  made  a  culture  in  liquid  gelatin  and  inoculated  the 
-fluid.     Buccal  ulcerations  developed   in  appearance  some- 
what like  plaques  muqueses.    Caseous  deposits  resembling  gummata 
were  found  in  the  dura  mater.     He  also  implanted  a  fragment  of 
a  chancre  beneath  the  skin,  and  obtained  caseous  deposits,  which, 
however,  resembled  tubercle. 

Martineau  and    Hammic  placed    in   culture-bouillon  fragments 
of  chancres,  and  subsequently  found  a  growth   of  bacilli.     They 
obtained,  by   inoculating  monkeys  with    this  fluid,   eruptions  re- 
sembling those  of  syphilis.     An  inoculation  of  the  prepuce  in  three 
places  was  followed,  twenty-eight  days  afterward,  by  the  develop- 
ment of  nodules  which  resembled  indurated  chancres.     Secondary 
ptoms  were  also  developed. 
Although  no  satisfactory  demonstration  has  been  made,  it  seems 
probable  that  syphilis  is  of  bacterial  origin  and  that  the 
in  is  a  bacillus  ;  but  the  necessary  identification  by  culture 
inoculation  has  not  yet  fully  been  worked  out. 
■'lux  of  Malignant  (Edema, — This  organism  was  first  de- 
by  Pasteur  as  the  vibrion  sefi/ique,  under  which  name  it  is 
to  be  found  in  French  works  on  bacteriology.     Its  present  name 
wis  given   it  by  Koch,  and  it  is  an  organism  found  in  one  of  the 
laboratory  diseases  of  animals.     It  is  occasionally  also  found  in  the 
ic  gangrene  of  man,  and  therefore  deserves  a  place  here. 
often    been  mistaken    for    the  anthrax    bacilli 
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which  it  is  now  readily  distinguished.  It  is  evidently  a  saprophytic 
organism,  and  is  found  in  decomposing  substances,  in  dirty  water, 
and  in  dust,  but  is  chiefly  found  in  rich  garden-mould.  If  such 
soil  is  injected  into  a  guinea-pig,  the  animal  dies  in  twenty-four  or 
forty-eight  hours,  the  oedema  bacilli  being  found  as  the  cause  of 
death.  They  are  slender  rods,  considerably  narrower  than  anthrax 
bacilli,  and  are  frequently  seen  together  in  bands  which  are  often 
bent  and  curved.  The  bacilli  have  an  active  motion,  but  this 
motion  soon  ceases  when  the  organism  comes  in  contact  with 
oxygen.  Spores  are  formed  in  a  temperature  of  above  20°  C. 
They  are  large  and  are  situated  at  the  centre  or  the  end  of  the  rod 
(Fig.    19),   which   appears  slightly  distended  at  this  point.     The 
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19. —Bacillus  of  Malignant  (Edema:  cover-glass  preparations  from  the  liver  of 
a  mouse. 

bacilli  are  strictly  anaerobic,  and  are  sensitive  even  to  the  slightest 
traces  of  oxygen.  They  take  well  the  aniline  stain ing-flu ids, 
and  when  colored  the  pointed  ends  of  the  rods  distinguish  them 
from  the  anthrax  bacilli-  They  do  not  stain  well  by  the  Gram 
method. 

They  grow  best  in  gelatin  cultures  to  which  has  been  added 
from  1  per  cent,  to  2  per  cent,  of  grape-sugar.  In  the  early  stages 
they  form  varicose  prolongations  at  the  lower  portion  of  the  needle 
track,  and  on  the  periphery  form  radiating  fibres,  Ivater  the  gela- 
tin melts  gradually  into  a  cloudy,  opaque  mass.     There  is  usually 

is- formation  which  distends  the  needle  track  nearly  to  the  sur- 


face.      The  gas  has  a  disagreeable  odor,  but  it  does  not  have  the 
peculiar  foul  smell  evolved  by  the  genuine  bacilli  of  putrefaction. 
If  a  pure  culture  of  the  oedema  bacillus  is  subcutaneously  inject- 
ed into  a  guinea-pig,  there  is  obtained  an  extensive  bloody,  oede- 
matous  exudation  of  the  muscular  layer,  but  no  pus  nor  foul  odor 
and  very  slight  gas-formation.     The  changes  in  the  internal  organs, 
HveT  and  spleen,  are  very  trivial.      If,  however,  garden-soil   is  sub- 
stituted for  the  pure  culture,  there  is  then  obtained  an  infiltration 
of  the  same  tissues,  with  a  dirty  reddish  serum  which  has  a  foul 
odor,  and  which   may  be  purulent  and  be  accompanied  with  an 
abundant  gas-formation — in  short,  the  picture  of  a  progressive  gan- 
grenous emphysema  such  as  is  often  seen  in  traumatic  gangrene  in 
man.     In   this  case  there  are  found,  in  addition  to  the  bacilli  of 
oedema,  other  forms,  such  as  the  "  pseudo-oedema  bacilli/'  etc-     A 
case  of  this  kind  is  reported  by  Rosenbach — a  compound   fracture 
of  the  thigh  and  leg  with  subsequent  gangrene.     The  thigh  was 
itated  in  the  upper  third.      From  the  foul  decomposing  tissues 
of  the  limb  a  culture  was  taken  immediately  after  the  operation, 
from  which  culture  he  obtained  a  "saprogenic  bacillus.' ' 

The  internal  organs  are  but  slightly  affected.  If  an  animal  be 
examined  immediately  after  death,  the  oedema  bacilli  will  be  found 
in  the  superficial  tissues  of  the  body,  but  never  in  the  blood-vessels. 
This  arrangement  is  in  striking  contrast  to  that  of  the  anthrax 
bacilli.  But  after  death  they  rapidly  spread  throughout  the  body, 
ami  an  active  spore- formation  occurs  which  does  not  take  place 
during  life.  In  the  mouse  inoculated  with  the  bacilli  of  malignant 
oedema  the  course  of  events  is  somewhat  different  from  that  ob- 
served in  the  rabbit  and  guinea-pig  :  a  rapid  invasion  of  the  entire 
body  takes  place  during  life,  and  the  condition  might  easily  be 
mistaken  under  these  circumstances  for  anthrax.  According  to 
Chanveau,  an  animal  which  had  recovered  from  malignant  oedema 
after  insusceptible  to  this  disease.  Roux  and  Chamber- 
lain report  that  they  obtained  from  the  culture  of  these  bacilli 
soluble  substances  which,  when  injected  into  animals,  protected 
them  from  the  action  of  the  bacilli  themselves.  The  ptomaine 
obtained  either  by  destroying  the  organisms  with  heat  or  by 
removing  them  with  a  filter,  or  the  oedematous  fluid  from  an  inoc- 
bed  animal   was  used.     An  immunity   was  thus  obtained. 

'  psnttir  '"   bacillus  is  described  by  Fliigge  and  Li- 

borius,  who  found  it  a  frequent  companion  of  the  oedema  bacillus. 
The  pseudo-oedema  bacillus  is  a  somewhat  thicker  rod  than  the 
bacillus  of  malignant  oedema,  and  possesses  a  very  bright  border. 


It  is  distinguished  also  by  the  formation  of  two  spores  in  each  rod 
The  bacilli  are  strictly  anaerobic.  In  sugar-gelatin  they  are  ac 
companied  in  their  growth  by  an  abundant  gas-formation,  whicl 
has  an  odor  of  old  cheese.  Small  doses  of  the  culture  are  no 
infectious  ;  in  large  doses  it  kills  mice  and  rabbits.  Bordoni  am 
Uffreduzzi  in  1889  obtained  from  the  cadaver  of  a  man  who  ha< 
died  of  a  disease  similar  to  anthrax  an  organism  closely  resembling 
the  pseudo-oedema  bacillus,  to  which  organism  they  gave  the  nami 
lt proleus  hominis."  Tricomi>  an  Italian  observer,  found  a  slender 
long  bacillus  in  the  blood  of  patients  suffering  from  senile  gan 
grene,  and  also  around  the  line  of  demarcation  and  in  the  adjacen 
healthy  tissues.  He  cultivated  the  organism  on  the  various  media 
stained  it  with  the  aniline  dyes,  and  succeeded  in  producing  gan 
grene  in  animals  at  the  point  of  inoculation  of  the  pure  culture 

Godwin  obtained  from  a  case  of  gangrenous  emphysema  cul 
tures  of  streptococcus  and  the  albus.  W.  Koch  obtained  fron 
a  case  of  progressive  gangrene  in  a  young  man  a  bacillus  eloseh 
resembling  the  bacillus  of  glanders.  Bounome  found  the  pyo 
genie  cocci  in  a  case  of  gangrene  of  the  lung  in  man,  and  b] 
mixing  the  cultures  with  fragments  of  pith,  as  has  been  showi 
elsewhere  (p.  145),  he  enabled  the  cocci  to  be  caught  in  the  lung 
of  animals  inoculated,  thus  reproducing  the  gangrene  of  the  lung 
Lingard  found  long  bacilli  in  noma,  and  similar  organisms  in  gas 
grenous  stomatitis  of  cattle.  Ranke  found  in  cases  of  nom: 
streptococci  similar  to  those  found  by  Koch  in  his  experiment 
on  field-mice. 

As  Senn  justly  remarks,  there  is  no  specific  organism  to  blaui 
for  traumatic  gangrene,  which  may  be  caused,  he  thinks,  either  b; 
the  mechanical  obstruction  of  the  vessels  by  large  numbers  of  organ 
isms  in  the  capillaries,  or  by  the  chemical  action  of  the  ptomaine 
on  the  tissues,  or,  finally,  by  the  excess  of  exudation  in  a  pai 
which  mechanically  obstructs  the  return  of  the  venous  blood. 

Those  appalling  forms  of  traumatic  gangrene,  which  are  de 
scribed  elsewhere,  are  in  many  cases  probably  caused  by  th 
bacilli  of  the  class  to  which  belong  the  cedema  and  pseudo-cedem 
bacillus,  which,  with  the  pyogenic  cocci,  are  always  present,  an 
are  ready  to  attack  wounds  occurring  in  foul  parts  of  the  body  0 
in  tissues  whose  vitality  has  been  destroyed  by  some  injury. 

Bacillus  Anthracis. — This  organism  deserves  a  place  anion 
surgical  bacteria,  not  only  because  it  produces  the  malignan 
pustule  in  man,  but  also  on  account  of  its  historical  positio 
among  bacterial  diseases.     It  was  not  only  the  first  of  bacteri 
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found  in  diseased  blood  and  tissues,  but  the  investigation  which 
(Jcmonst rated  it  as  the  true  and  only  cause  of  splenic  fever  formed 
also  the  foundation  upon  which  the  science  has  subsequently  been 
built  up. 

In  i85ov  Davaine  and  Raver  announced  to  the  Academie  des 
Sciences  that  in  animals  affected  with  anthrax  there  existed  in  the 
blood  little  filiform  bodies  about  double  the  diameter  of  a  red 
corpuscle  in  length.  These  bodies  did  not  possess  spontaneous 
movements  After  the  subject  had  begun  to  attract  the  attention 
of  die  scientific  world  it  was  more  carefully  studied  by  Davaine 
himself,  and  later  by  Pasteur.  But  it  was  due  to  Koch  that  the 
ence  of  spores  was  discovered,  and  that  cultures  of  the  bacilli 
could  be  made  and  iujected  into  animals,   thus  reproducing  the 

The  bacilli,  when  grown  011  culture-media,  are  seen  under  the 

nscope    as   bright,    transparent   rods    with    slightly   rounded 

ends     They  are  from  1  to 
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i.V  i"  thickness  and  from 
3  to  6/i  long,  and  are  en- 
vithout  the  power  of 
motion.  If  such  bacilli  are 
in  bouillon  and  ex- 
1  under  the  micro- 
scope, it  is  possible  to  ob- 
serve the  process  of  divis- 
ion, which  takes  place 
rapidly  under  somewhat 
high  temperatures.  The 
short  rod-like  cells  grow 
to  long  hich  stretch 

across  the  field  of  vision, 
and  which  show  only  here 
ere    indications    of 
>iade  up  out  of  sev- 
cells.     They  now  become   somewhat  less  transparent,   and, 
ring  to  great  length,  the  chain  of  bacilli  becomes  twisted  up 
characteristic  coils  or  knots  (Fig.  20). 
If,  however,  the  bacteria  are  taken  from  the  blood  of  an  animal 
!  anthrax,  and  are  colored  in  the  usual  manner,  there  is  uo 
longer  seen  the  rounded  ends  just  alluded  to.     They  now  appear 
r  at  each  end  than  in  the  centre,  and  articulate,  as 
it  were,  with  the  other  rods  of  the  chain,  like  the  phalangeal  bones 


Fie.  20, — Bacillus  Anihracis  j   cower-glnss  prepa- 
rations from  the  liver  of  a  mouse. 
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or  the  joints  of  a  bamboo  rod.  This  appearance  is  best  show 
with  Bismarck-brown  or  methyl-bine.  These  organisms,  when  ii 
the  tissues,  can  be  demonstrated  by  Gram's  method,  but  they  hav< 
an  altered  and  granular  appearance.  The  articulating  enlarge* 
ends  of  the  bacilli  are  peculiar  to  anthrax,  and  distinguish  thea 
bacteria  from  all  other  forms.  In  using  Gram's  method  can 
must  be  taken  not  to  bleach  too  much,  as  the  bacilli  readily  giv< 
up  their  color. 

If  it  is  desired  to  see  the  spores,  the  bacilli  must  be  examinee 
in  a  drop  of  bouillon.  Having  reached  the  stage  of  developmeii 
already  described,  the  bacilli  begin  to  show  in  the  middle  of  tin 
rod  little  accumulations  of  thickened  protoplasm,  that  unite  t< 
form  a  large  glistening  body  which  appears  as  a  bright  spot  oi 
irregular  outline  in  the  middle  of  the  cell.  This  body  increases  ii 
size  and  brightness,  is  surrounded  by  a  well-defined  membrane 
and  is  about  the  same  width  but  somewhat  shorter  than  tin 
bacillus.  It  is  sometimes  wider  than  the  cell,  and  when  many  ol 
these  bright  egg-shaped  bodies  have  formed  in  a  chain  of  bacilli,  ; 
striking  picture  somewhat  like  a  string  of  pearls  is  obtained 
Presently  the  transparent  remnant  of  the  protoplasm,  which  h.i. 
Dot  been  used  for  the  formation  of  the  spore,  is  dissolved  and  tin 
spore  is  liberated. 

If  the  spores  are  now  placed  in  fresh  bouillon,  they  begin  U 
germinate.  This  process  can  be  watched  in  a  hanging  drop  oi 
liquid  agar,  which  soon  hardens  and  holds  the  spore,  so  that  the] 
can  be  observed  during  the  different  stages  of  their  development 
The  spore  soon  loses  its  glistening  appearance  and  increases  n 
length.  The  tough  membrane  is  next  ruptured  at  one  end,  an< 
the  young  bacillus  projects  from  the  opening.  It  continues  grow 
ing  in  the  direction  of  the  long  axis  of  the  spore,  and  finally  cast 
off  the  shell  of  the  spore  and  appears  as  a  completely-develope< 
bacillus.  The  growth  of  the  bacilli  is  most  active  at  a  tempera 
ture  of  37°  C.,  the  extreme  range  of  temperature  being  from  i6' 
C.  to  450  C.  Access  of  oxygen  is  necessary.  The  spores  do  no 
germinate  at  a  temperature  below  24°  C,  and  tluv  need  a  largi 
supply  of  oxygen.  Spores  do  not  form,  therefore,  either  in  tin 
living  body  or  in  the  cadaver  of  an  animal  which  has  died  of  tin 
disease.  They  grow  best  artificially  on  the  surface  of  agar  Off  oi 
potato,  or  in  thin  layers  of  bouillon,  or  in  human  urine  fr 
exposed  to  the  air. 

The  bacilli  have  comparatively  a  slight  resisting  power  :  the] 
are  readily  destroyed  at  a  temperature  of  6o°  C,  and  are  unable  t< 
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live  more  than  a  few  weeks  in  the  dry  state.  The  spores,  however, 
belong  to  the  most  durable  of  bacterial  organisms.  It  is  difficult 
to  destroy  them  with  chemical  agents,  and  when  they  exist  in  a 
state  of  nature  sunlight  alone  appears  to  have  a  destructive  action 
opera  them.  These  spores  are  used  as  a  standard  test  of  the  value 
(if  disinfectants,  and  threads  dried  in  spore-cultures  may  be  pre- 
served  for  an  indefinite  length  of  time  and  used  for  this  purpose. 
In  gelatin  the  track  of  the  needle  is  found  filled  with  a  whitish 
growth,  from  which  delicate  white  threads  project  into  the  sur- 
rounding medium.  On  the  surface  the  gelatin  begins  to  liquefy, 
U)d  at  the  bottom  of  the  fluid  is  seen  a  slimy  white  layer  of  bacteria 
which  gradually  settles  deeper  as  the  liquefaction  proceeds.  On 
the  surface  of  obliquely-hardened  agar  the  bacteria  appear  as  a 


i — Section  of  Kidney  from  an  Animal  dead  of  Anthrax,  showing  bacilli  in  blood- 

ven 

grayish-white  growth  with  a  dull  silver  hue  and  raised  somewhat 
above  the  surface, 

The  virus  may  be  introduced  into  the  system  in  various  ways. 
It  may  be  inoculated  even  in  very  small  quantities,  and  will  pro- 
duce a  fatal  septicaemia,  as  it  is  reckoned  among  the  most  highly 
infectious  of  the  bacteria.  Buchner  succeeded  in  introducing  the 
iporesand  also  the  bacilli  into  the  respiratory  passages  by  inhala- 
The  bacilli  produced  much  more  irritation  than  the  spores, 
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and  pneumonia  occurred.  Bauuigarten  is  doubtful  whether  this 
mode  of  infection  occurs  outside  the  laboratory.  When  taken  into 
the  stomach  with  food  the  bacilli  are  usually  destroyed  by  the 
gastric  juice,  but  the  spores  reach  the  intestinal  canal.  The  alka- 
line character  of  the  secretions  and  the  high  temperature  give  them 
an  opportunity  to  germinate.  They  attach  themselves  to  the 
epithelium  and  develop  rapidly  on  the  surface  :  the  cells  are  then 
pushed  aside  and  the  bacilli  reach  the  deeper  layers  of  the  mem- 
brane. Sheep  and  oxen  are  particularly  sensitive  to  this  form  of 
infection,  it  being  the  one  which  under  natural  conditions  plays 
the  most  important  r61e.  In  man  the  infection  most  frequently 
takes  place  through  wounds,  and  it  forms  the  malignant  pustule, 
but  it  has  also  been  observed  to  gain  an  entrance  through  the 
lungs,  giving  rise  to  a  pneumonia. 

One  of  Pasteur's  most  brilliant  scientific  feats  was  the  demon- 
stration of  the  possibility  of  protecting  an  animal  from  the  virus 
of  anthrax  by  vaccination.  It  was  found  that  cultures  of  the 
bacilli,  carried  on  at  high  temperatures,  were  weakened  in  their 
poisonous  action.  The  same  result  could  be  obtained  by  growing 
them  at  a  moderately  high  temperature  for  a  considerable  length 
of  time.  Organisms  treated  in  this  way  were  found  to  produce 
alkaline  substances,  whereas  the  bacilli  of  natural  strength  produced 
acid  substances.  It  was  thought  that  this  discovery  would  prove 
of  great  practical  value,  but  experience  has  shown  that,  although, 
sheep  are  protected  by  the  vaccine  thus  produced  from  an  inocula- 
tion with  bacilli  of  full  strength,  the  immunity  is  not  permanent, 
but  lasts  only  about  a  year,  and,  moreover,  that  it  does  not  protect 
against  infection  through  the  intestinal  canal.  As  this  is  the  most 
frequent  form  of  infection  in  cattle,  further  experiments  are  neces- 
sary to  determine  whether  it  is  possible  to  devise  a  practical  system 
trf  vacci nation  of  cattle. 

Analbuminose  has  been  been  separated  from  anthrax  cultures 
in  Koch's  laboratory  by  precipitation  with  absolute  alcohol.  It 
was  then  redissolved  and  filtered  through  a  Chamberland  filter. 
Injected  into  animals,  it  was  found  to  exert  a  protecting  influence. 

According  to  Pasteur,  the  strength  of  the  anthrax  virus  may  be 
restored  by  inoculation  into  susceptible  animals.  Cultures  from 
the  blood  of  such  animals  will  have  an  increased  virulence. 
Cenkowski  in  Russia  succeeded  in  obtaining  an  improved  vaccine 
by  passing  the  virus  through  the  marmot  (Zieseltnaus)  until  a 
definite  strength  was  obtained.  The  cultures  of  this  vaccine  were 
preserved  in  glycerin.     Less  than   i  per  cent,  of  the  animals  were 
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killed  by  the  vaccine,  and  his   tables  show  that  during  four  years 
of  its  use,  a  larger  number  of  animals  being  vaccinated  each  year, 
there  was  a  diminution  of  the  anthrax  mortality  in  the  herds  from 
8.5  and  10.6  per  cent,  to  0.13  per  cent.     An  examination  of  the 
infected  tissue  shows  the  bacilli  chiefly  in  the  capillary  system  ;  few 
organisms  are  seen  in  the  large  vessels,  whereas  the  capillaries  are 
crowded.     They  are  found   in   the  spleen,  in  the  liver,  and  in  the 
kidneys  (Fig.  21), particularly  the  glomeruli.     In  the  capillaries  of 
the  intestinal  mucous  membrane  is  occasionally  found  a  ruptured 
vessel  through  which   the  organisms   have  escaped   into  the  sur- 
rounding tissue. 

It  was  thought  at  one  time  that  bacilli  were  eliminated  with  the 
various  excretions,  but  it  has  been  maintained  that  it  was  impos- 
sible for  the  bacilli  to  pass  through  the  walls  of  the  capillaries. 
Baumgarten  is,  however,  of  the  opinion  that  the  bacilli  are  as  well 
able  to  migrate  as  are  the  leucocytes.     Inasmuch  as  the  capillaries 
of  the  kidneys  are  filled  with  these  organisms,  it  is  not  surprising 
that  the  bacilli  are  found  in  the  urine.     It  is  also  quite  certain  that 
\  can  pass  through  the  placenta  and  affect  the  foetus,  whether 
penetrating  through  the  walls  of  the  blood-vessels  or  by  escap- 
into  the  extravasations  which  are  so  numerous  in  the  placenta. 

Rosenblath  inoculated  five  pregnant  guinea-pigs  with  anthrax.  From  the 
foetuses  he  obtained  anthrax  cultures  in  five.  As  the  infection  of  the 
Cut ns  does  not  always  take  place,  it  is  probable  that  the  bacilli  pass  through 
the  placenta  only  under  unusual  conditions.  The  very  frequent  hemorrhages 
which  accompany  the  disease  probably  give  the  bacilli  an  opportunity  to 
escape  from  the  circulation  of  the  mother  into  that  of  the  foetus. 

The  bacilli  are  supposed  to  exert  their  pathological  action  in 
;al  ways:  First,  by  so  crowding  the  capillaries  as  to  interfere 
with  the  nutrition  of  the  parts;  secondly,  by  robbing  the  tissues  of 
and,  finally,  by  the  formation  of  a  toxiue  which  exerts  a 
nous  influence. 
:he    spores   are   the   organisms   which   have   preserved   this 
disease  from  time   immemorial,   and   which  make  it  so  difficult, 
even  with    our    present   knowledge,    to    prevent   epidemics,    it    is 
interesting  to   consider    how   cattle  are   exposed   to   their   influ- 
ence.   During  an  epidemic  the  discharges  from  the  intestine,  the 
tder,  and  the  nostrils  are  scattered  about  on  the  surface  of 
the  earth  in  the  track  of  grazing  cattle.     The  organisms  find  a 
resting-place  also  in  their  hides.     It  was  at  one  time  thought  that 
the  bodies  of  buried  animals  might  be  a  source  of  infection,  but 
the  conditions  for  germination  at  some  depth  beneath  the  surface 
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of  the  ground  are  not  found  to  be  favorable.  The  spores,  there- 
fore, find  a  resting-place  only  in  the  superficial  soil.  They  may 
be  freed  from  their  surroundings  either  by  wind  or  by  flood,  and, 
mingled  with  the  food  of  animals,  may  become  the  source  of  a 
fresh  epidemic.  Man  is  exposed  to  infection  chiefly  from  contact 
with  diseased  animals  or  from  handling  their  hides  or  wool;  hence 
the  name  ll  wool-sorter's  disease"  has  been  given  to  anthrax  in 
man, 

Actinomyces  is  a  form  of  fungus  which  was  first  described  by 
Bollinger  in  1877  as  existing  in  cattle,  and  which  Israel  found  also 
in  man  a  year  later.  It  did  not  become  generally  understood, 
however,  until  Ponfick's  article  appeared  in  1882.  Bollinger 
found  it  in  peculiar  lumps  about  the  jaws,  the  throat,  or  the 
tongue  of  animals,  which  lumps  were  supposed  to  be  tubercle, 
cancer,  and  various  other  affections.  In  man  the  fungus  is 
accompanied  more  or  less  by  extensive  suppuratiou  in  the  same 
localities  and  also  in  other  parts  of  the  body.  The  organisms 
seen  by  the  naked  eye  appear  as  a  growth  about  the  size  of  a 
millet-seed:  they  are  yellowish,  sulphur-like  bodies  of  a  allow] 
consistence,  which  bodies,  seen  under  the  microscope,  consist  of  a 
cluster  of  straight  or  of  wavy  branching  threads,  and  also  of 
radiating  prolongations  quite  thick  and  clubbed-  or  pear-shaped, 
appearing  sometimes  like  the  fingers  of  a  hand.  These  proloi 
tious  are  so  arranged  as  to  give  the  growth  the  appearance  of  a 
sunflower.  The  size  of  these  colonies  varies  greatly,  ranging  from 
scarcely  visible  bodies  to  nodules  2  mm.  in  diameter.  Their  color 
may  also  vary  from  the  light  yellow  mentioned  to  whitish,  light 
brown,  or  green,  and  their  surfaces  may  be  smooth  or  mulberry- 
Shaped.  The  club-shaped  ends  may  be  wanting,  and  the  growth 
then  appears  very  much  like  the  streptothrix  found  as  concretions 
in  the  lachrymal  ducts  of  mam  The  radiating  arrangement  of  the 
threads  may  also  be  wanting,  in  which  case  the  growth  is  not 
unlike  the  leptothrix  found  in  the  mouth.  It  has  been  thought  by 
some  that  these  different  appearances  indicate  a  mixed  growth  of 
organisms,  but  culture-experiments  prove  that  this  is  not  the  1 
— that  the  organism  belongs  to  a  polymorphous  or  cladothrix 
variety  of  fungus. 

The  organism  is  colored  with  difficulty.  The  finer  threads  take 
the  aniline  colors  well,  but  the  club-shaped  prolongations  do  not 
take  the  staining.  They  appear  to  be  the  result  of  a  retrograde 
change  in  the  growth.  A  portion  of  a  nodule  is  spread  upon  a 
cover-glass  and  is  allowed  to  dry.     The  glass  is  then  heated  in  the 
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flame  of  a   lamp,    ami   a  few  drops  of  picroearmine  solution    are 

"  to  fall  upon  it.  After  two  or  three  minutes  the  pre  para- 
washed,  in  distilled  water  and  alcohol  and  examined   in 

md  glycerin.  The  fungus  takes  the  yellow  staining,  while 
the  other  structures  appear  red.  When  sections  are  examined 
Gram's  method  of  staining  may  be  used.  The  acttnoniyces 
colonies  are  then  seen  stained  a  bright  blue,  surrounded  by  a  zone 
of  the  clubbed  ends  colored  a  pale  yellowish-pink;  around  this  a 

i  pus  and  of  granulation-tissue  colored  pink;  and,  outside 
of  all,  the  several  tissues  stained  red.  Sections  may  also  be 
Plained  in  Ziehl's  carbolic  fuchsin  for  fifteen  minutes  to  half  an 

md  then  decolorized  in  a  i  per  cent,  picric-acid  solution 
until  the  whole  section  has  a  yellow  appearance.     Dehydrate  and 


$ 
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12. — Section  of  Tumor  of  a  Calf,  showing  actinomyces. 

The  fungus  appears  as  a  brilliant  red  aster,   while  the 
surrounding  tissues  are  colored  yellow  (Fig.  22). 

According  to  Baumgarten,  it  is  difficult  to  get  a  pure  culture 

unless  the   growth    be   stirred   in   liquid   gelatin,   which    is  then 

poured  upon  a  glass  to  harden.     It  can  thus  be  grown  upon  blood- 

1,  gelatin,  or  agar.     The  cultures  develop  best  at  tempera- 

,    to  370  C,  and  the  growth  is  complete  at  the  end 

e  ur  six  days.     When  grown  on  the  surface  the  line  of  mocvv- 
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lation  widens  and  has  a  granular  whitish  appearance.  Presently 
small,  yellowish-red  nodules  form  in  the  centre  of  the  culture, 
while  the  border  is  surrounded  by  a  delicate  white  fringe. 
Finally,  the  nodules  run  together  and  are  covered  by  a  white 
velvety  coat. 


Among   the  most  elementary  disturbances  in  the  whole  domain 
&f  surgical  pathology,   in  main-  cases  so  slight  as  hardly  to  be 
called  "pathological,"  are  those  changes  in  the  circulation  known 
as  hyperemia.    From  the  earliest  times  these  vascular  disturbances 
have  been  recognized  as  the  effect  of  some  form  of  irritation  act- 
ing upon  the  organism,  as  is  evident  from  the  phrase  ,l  ubi  stimulus 
ifftuxus  M  handed  down  by  early  writers.     It  was  not,  however, 
until  Claude  Bernard  gave  the  impetus  to  special  research  in  this 
direction  by  his  discovery  in   1851  of  the  result  of  section  of  the 
cervical  sympathetic  nerve  that  any  extended  scientific  study  of 
the  condition  was  attempted.     Since  then  the  science  of  angio- 
oeurology,  "one  of  the  most  important  doctrines  in  medicine," 
lias  been  evolved.     The  importance  of  a  study  of  this  subject  need 
hardly  therefore  be  urged  as  essential  to  a  proper  understanding  of 
some  of  the  more  complicated  pathological  problems  which  will 
engage  the  reader's  attention  later. 

Hyperemia  signifies  an  increased  amount  of  Hood  m  a  part 
When,  on  the  one  hand,  there  is  an  increased  amount  of  blood  in 
all  tk  of  the  body,  the  condition  known  as  plethora  exists. 

On  the  other  hand,  anaemia  is  a  term  used  to  denote  the  condition 
costing  when  there  is  less  blood  than  usual  in  the  body.     This 
is,   however,  used   in   a   medical   sense  to  indicate  certain 
pathological  changes  in  the  blood.     Finally,   ischaemia  means  a 
teased  flow   of  blood   to  a  part. 

eraeraia   is  of   two  kinds — active  and   passive.     In   active 

hvpenemia  there  is  an  increased  flow  of  arterial  blood  to  the  part. 

This  condition  has  sometimes  been  called  "fluxion."     In  passive 

hyperemia  there  is  a  slowing  of  the  blood-current ;  the  blood  is 

in  color  ;  a  condition  of  stagnation  exists.     The  condition 

circulation]   in   active  hypencmia  is  well  described  in  the 

It  of  an  experiment  by  Vulpian  on   the  vaso-motor  effects 

produced  by  faradic  stimulation  of  the  peripheral  segment  of  the 

lingual  nerve  in  a  dog.     There  is  a  considerable  dilatation  of  all 

the  vessels  of  the  corresponding  half  of  the  tongue  in  the  region  in 

vhich  this  nerve  is  distributed.     The  mucous  membrane  in  this 

79 


1113 


SURGICAL  PATHOLOGY  AND   THERAPEUTICS 


region  and  also  on  the  corresponding  side  of  the  fneuiixn  becomes 
bright  red.  The  principal  vein  of  this  part  of  the  tongue  becomes 
turgesceut,  and  the  blood  contained  in  it  and  its  tributaries  is 
bright  in  color,  resembling  that  of  arterial  blood,  while  there  is  a 
corresponding  rise  in  the  temperature  of  the  part. 

In  active  hyperemia  there  is  an  increased  rapidity  of  flow  of 
the  blood,  not  only  through  the  arteries,  but  through  the  veins  also. 
If  an  artificial  hyperemia  be  produced  in  a  dog's  paw  by  division 
of  the  sciatic  nerve,  there  will  be  found  an  increased  tension  in  the 
femoral  vein,  as  shown  by  a  cauula  inserted  into  that  vessel  and 
placed  in  connection  with  a  manometer.  If  the  vein  be  tied,  there 
is  an  almost  arterial  pulsation  in  it.  There  is,  then,  in  hyperemia 
an  increased  pulsation  and  dilatation  of  the  arteries  and  a  filling  of 
the  veins  with  arterial  blood.  Even  the  smallest  arterioles,  which 
do  not  pulsate  ordinarily,  begin  to  pulsate  as  soon  as  pressure  is 
made  upon  them.  The  condition  of  the  capillary  vessels  can  con- 
veniently be  studied  in  the  web  or  the  tongue  of  a  frog,  Undei 
normal  conditions  the  capillaries  contain  but  few  corpuscles,  one 
or  two  at  a  time  flowing  through,  and  apparently  filling  out,  th< 
lumen  of  the  vessel  ;  at  times  only  liquor  sanguinis  is  observed. 
Under  a  slight  stimulus  there  is  marked  increase  in  the  rapidity  of 
the  flow  of  the  corpuscles,  and  the  little  vessels  are  distended  with 
them,  many  appearing  in  the  field  of  the  microscope  that  were 
not  before  observed.  Both  the  arteries  and  the  veins  are  much 
dilated,  and  the  rapidity  of  the  flow  is  greatly  increased.  Whether 
there  is  or  is  not  an  actual  dilatation  of  the  capillaries  is  still  a 
disputed  question,  as  the  absence  of  muscular  and  elastic  walls  in 
the  capillaries  does  not  permit  of  the  marked  changes  of  calibre 
seen  in  other  kinds  of  vessels.  Strieker,  however,  has  an  explana- 
tion which  enables  him  to  assume  that  active  dilatation  and  con- 
traction of  the  capillaries  take  place.  Experiments  on  the  glan- 
dular vesicles  of  the  skin  of  a  frog,  representing  a  single  acinic 
and  duct,  show  that  under  the  stimulus  of  the  faradic  current  the 
cells  which  Wue  the  acinus  swell  up  and  diminish  the  calibre  of  the 
acinus,  and  that  on  removal  of  the  stimulus  the  same  cells  shrinl 
and  enlarge  the  cavity.  A  similar  swelling  of  the  cells  form  in*; 
the  capillary  walls  has  been  observed,  and  the  changes  in  the  size 
of  the  lumen  of  these  little  vessels  are  supposed  by  Strieker  to 
occur  in  this  way. 

The  following,  then,  are  the  principal  changes  seen  in  active 
hyperemia.  There  is  a  temporary  increase  in  the  amount  anc 
rapidity  of  the  flow  of  blood,  and  when  this  has  subsided  the  circu- 


htion  goes  on  as  before,  and  no  perceptible  change  in  the  part 
appears  to  take  place.     Ordinarily,  there  is  no  escape  of  fluid  from 
tlie  walls  of  the  vessels,  and  if  a  canula  is  placed  in  a  lymphatic 
of  the  leg  of  a   hyperaetnic  animal,   no  increased  flow  of  lymph 
will  be  found,      CEdema   may,   however,   sometimes   occur   to  a 
moderate  extent,  and  the  wheals  of  urticaria  are  supposed  to  be 
examples  of  such  a  condition.     Occasionally  there  may  even  be 
rupture  of  the  vessels  and  hemorrhage,  but  this  only  occurs  when 
there  is  some  pathological  complication  or  when  the  vessels  them- 
selves are  diseased.     Usually  the  effect  of  hypenemia  is  quite  the 
opposite  ;   the  walls  of  the  vessels,   instead  of  becoming  thinner, 
are  actually    thicker,    having    undergone   hypertrophy    from    the 
\ivperaemia,  probably  of  the  vasa  vasorum. 

The  increased  warmth  accompanying  hyperaemia  is  easily 
explained.  The  temperature  of  the  surface  of  the  body  is  always 
less  than  that  of  the  interior,  as  considerable  elimination  of  heat 
nstanth  taking  place.  Indeed,  the  variations  of  temperature 
on  the  surface  may  be  considerable.  If  now  an  increased  amount 
of  warm  blood  from  the  interior  of  the  body  flows  through  a  given 
territory,  the  tissues  become  warmer  and  the  temperature  of  the 
partis  raised.  Increased  nutrition  of  the  part,  or  increased  activity 
of  the  muscular  walls  of  the  vessels  considered  as  sources  of  heat, 
can  hardly  be  sufficient  to  produce  any  perceptible  local  increase 
of  temperature. 

The  apparatus  by  means  of  which  these  vascular  changes  are 
accomplished  is  known  as  the  vasomotor  system*  The  origin  of 
the  vaso-motor  nerves  or  the  vaso-motor  centres  has  been  traced  to 
the  medulla  oblongata.  The  exact  spot  has  variously  been  stated 
as  at  the  boundary-line  of  the  cervical  and  dorsal  portions  of  the 
cord,  or  in  the  anterior  portions  of  the  lateral  columns,  or  in  the 
lower  part  of  the  floor  of  the  fourth  ventricle  near  the  point  of  the 
calamus. 

These  nerves  can  be  divided  into  two  groups.  A  large  majority 
leave  the  spinal  nerves  with  the  rami  communicantes,  enter  the 

>  sympathetic,  run  upward  or  downward,  and  terminate  in  independ- 
ent branches  of  the  sympathetic  or  the  splanchnic  nerves  which 
the  abdominal  organs;  or,  after  entering  the  sympathetic, 
turn  through  the  rami  communicantes  to  the  spinal  nerves, 
and  are  distributed  with  them  to  the  skin,  muscles,  and  bone. 
Auother  group  does  not  enter  the  sympathetic  at  all,  but  takes  its 
course  in  the  spinal  nerves.  The  latter  groups  are  called  the 
' direct  supply,1 '  and  the  former  the  u  indirect  supply,"  of  vaso- 
I 
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motor  nerves.  The  sympathetic  does  not  form  a  separate  system 
but  is  connected  with  the  spinal  nerves.  The  cervical  portioi 
receives  fibres  from  the  first  dorsal  nerve-roots.  The  nerves  whiel 
enter  the  sympathetic  for  the  lower  extremities  come  from  thi 
lumbar  nerve-roots. 

The  classical  experiments  of  Claude  Bernard  gave  the  firs 
information  as  to  the  physiological  action  of  the  vaso-rooto 
system.  The  division  of  the  cervical  sympathetic  in  the  rabbi 
was  shown  by  him  to  be  followed  by  marked  hypersemia  or  dilata 
tion  of  the  blood-vessels  in  the  ear.  This  was  6nally  explainer 
by  supposing  a  paralysis  of  the  vaso-constrictor  nerves  to  havi 
taken  place.  The  same  observer,  however,  discovered  that  stiinu 
lation  of  the  chorda-tympani  nerve  produced  dilatation  of  thi 
vessels  in  the  submaxillary  gland.  Here,  then,  was  a  demonstra 
tion  of  two  different  kinds  of  nerves  in  the  vaso-motor  system,  oni 
of  which  by  its  action  constricted  the  blood-vessels;  the  other 
when  in  activity,  produced  a  dilatation  of  the  vessels.  For  a  lonj 
time  the  chorda  tympani  and  the  nervi  erigentes  of  the  corpon 
cavernosa  were  supposed  to  be  the  only  examples  of  the  dilato 
nerves.  Goltz,  however,  undertook  to  demonstrate  the  presence  oi 
the  vaso-dilator  fibres  in  the  sciatic  nerve  of  animals.  He  fount 
that  section  of  this  nerve  was  followed  by  dilatation  of  the  blood 
vessels  of  the  limb,  which  after  a  while  resumed  their  natura 
calibre.  Cutting  off  a  second  fragment  from  the  peripheral  portior 
of  the  nerve  reproduced  the  dilatation.  These  phenomena  wen 
explained  by  the  presence  of  vaso-dilator  nerves  which  wen 
irritated  by  the  section.  Other  observers,  however,  showed  tha 
if  the  peripheral  end  of  the  divided  sciatic  was  stimulated  then 
took  place  a  contraction  of  the  vessels,  which  later  gave  way  t< 
dilatation  due  to  exhaustion;  the  nerves  therefore  were  constrictors 
and  not  dilators. 

Ostroumoff  found,  however,  that  in  curarized  dogs  the  freshly 
divided  nerve  contracted  when  irritated,  but  that  three  or  fourdayi 
later  the  same  irritation  produced  dilatation;  time,  therefore,  wa 
an  element  of  importance  in  the  problem.  He  assumed  tha 
both  kinds  of  nerves  are  present,  and  that  the  vaso-constrictor 
degenerate  soon  after  section,  but  that  the  dilators  degenerate 
slowly. 

It  has  been  noticed  by  all  observers  that  the  dilatation  following 
section  of  the  sciatic  subsides  at  the  end  of  a  few  days.  This 
change  is  said  to  be  brought  about  by  the  perivascular  ganglia, 
which,  with  the  nerve-plexus  uniting  them,  are  supposed  toacquiit 
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gradually  a  higher  degree  of  activity  after  separation    from   the 
rve-centres. 

Such  a  system  of  ganglia  and  nerves  has  never  been  demonstrated 
anatomically;  no  one  has  ever  seen  it,  but  there  is  found  in  the 
vfc-ails  of  the  small  intestine  a  similar  plexus  of  nerve-cells  and 
n erve- fibres,  which  plexus  seems  to  preside  over  the  movements  of 
tfiat organ,  and  to  be  subjected  to  excitation  and  inhibition  through 
nerve-fibres  connecting  them  with  the  cerebro- spinal  centres. 
>I  icroscopical  clusters  of  ganglia  have  been  seen  on  the  arteries 
of  the  submaxillary-  gland,  as  also  in  the  neighborhood  of  the  large 
vessels  of  the  penis. 

Strieker  explains  the  phenomena  supposed  to  be  caused  by  the 
local  ganglia   in   another  way  :    he   assumes  that  recovery  from 
uyperaemia  following  section  of  the  cord  is  accomplished  by  nerve- 
branches  which  are  given  off  from  the  cord  above  the  point  divided, 
and  which  anastomose  with  the  nerves  going  to  that  part.     These 
uerve-branches  gradually  acquire  increased  power,  and  eventually 
exert  a  sufficiently  powerful  action  upon  the  dilated  vessels  to  cause 
them  to  contract  again.      This  he  calls  "  collateral  innervation." 

In  the  light  of  the  investigations  which  have  been  quoted  we 
lie  justified  in  assuming  the  existence  of  the  vaso-constrictor 
nerves  and  the  vaso-dilators,  which  place  the  blood-vessels  in  com- 
munication with  the  vaso-motor  centres.  A  peripheral  vaso-motor 
mechanism  also  exists,  presided  over  by  the  so-called  il  perivascular 
gan<:  The  perivascular  ganglia  and  the  vaso-coustrictors  are 

continuous  in  action  ;  they  keep  the  muscular  walls  of  the  blood- 
vessels in  a  state  of  tonic  contraction,  or,  in  other  words,  they  give 
them  their  proper  tonus. 

The  dilators  are  not  always  in  action,  but  are  called  into  play 
only  tinder  exceptional  circumstances.  According  to  some  author- 
ities, these  nerves  act  like  the  vagus  by  producing  an  inhibitory 
action  upon  the  local  ganglia.  Others  believe  them  to  have  the 
ability  to  dilate  the  blood-vessels  directly  by  their  own  action. 
Among  the  latter  authorities  is  Strieker,  who  has  shown  that  the 
dilators  emerge  from  the  cord  through  the  posterior  or  sensitive 
roots.  Most  physiological  and  many  pathological  hyperemias  are, 
according  to  him,  produced  by  an  irritation  of  the  dilators.  The 
dose  anatomical  relationship  between  the  sensitive  and  dilator 
nerves  would  explain  the  existence  of  hyperemia  in  connection 
with  many  forms  of  neuralgia  and  the  presence  of  pain  accompany- 
ing the  congestion  of  inflammation.  He  says  :  "  It  is  probable 
that  the  local  irritation  excites  at  the  same  time  both  the  sensory 
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nerves  and  the  vasodilators  of  the  implicated  region.  Whilst  t! 
former  cause  pain  by  centripetal  conduction,  the  latter  produce 
dilatation  of  the  vessels  by  centrifugal  conduction." 

There  may  be  found  however,  a  vascular  hyperemia  produc 
by  purely  reflex  action.  Goltz  irritated  the  central  end  of  a  dividi 
sciatic  nerve,  and  obtained  sometimes  a  dilatation  and  sometime* 
contraction  of  the  vessels  in  the  opposite  leg.  Brown-Sequard  ai 
Lombard,  after  irritation  by  pricking,  found  a  rise  of  teniperatu 
of  a  man's  skin  on  the  same  side  of  the  body,  and  a  fall  of  tei 
perature  on  the  other  side.  These  changes,  though  slight,  we 
observed  by  Lombard's  very  delicate  thermo-electric  apparatv. 
and  they  indicated  contraction  or  dilatation  of  the  vessels.  Numt 
ous  examples  of  this  form  of  hyperemia  may  be  given.  Neuralg 
affection  of  the  knee-joint  with  swelling  is  observed  to  be  depende 
upon  uterine  disorder.  The  danger  of  sympathetic  iuflammati* 
of  the  sound  eye  following  injury  to  either  one  of  the  eyes  is  wi 
recognized.  Weir  Mitchell  has  observed  a  burning  in  the  syi 
metrical  part  following  injury  to  a  certain  portion  of  the  body. 
lowering  of  temperature  has  also  been  observed  En  one  hand  < 
placing  the  other  hand  in  cold  water.  The  application  of  ice-bags 
the  heart,  the  abdomen,  and  the  thighs  has  produced  contraction 
the  blood-vessels  in  distant  portions  of  the  body.  In  fact,  a  system  i 
treatment  has  been  based  upon  the  sensitiveness  of  the  vaso-motc 
to  heat  and  cold.  It  is  a  well-recognized  fact  that  headache  may 
relieved,  that  nose-bleed  may  be  stopped,  and  that  the  catameni 
flow  may  be  established  by  judicious  use  of  these  remedies,  and 
is  not  surprising  that  still  greater  claims  are  made  for  the 
remedial  powers  when  there  is  taken  into  consideration  the  ve 
considerable  disturbances  in  the  distribution  of  blood  to  differe 
parts  of  the  body*  which  disturbances  may  be  produced  expel 
mentally.  Irritation  of  the  splanchnic  nerves,  on  the  one  han 
produces  contraction  of  the  powerful  abdominal  blood* vessc 
and  increases  greatly  the  arterial  tension  throughout  the  body;  < 
the  other  hand,  division  of  the  splanchnics  produces  hyperacra 
of  these  vessels.  Strieker  says:  ,lIf  this  reservoir  is  wide  ope 
it  can  contain  so  large  a  portion  of  the  total  amount  of  blood  th 
the  rest  of  the  body  becomes  anaemic.  An  animal  with  comple 
paralysis  of  the  abdominal  viscera  therefore  bleeds  to  death,  as 
were,  into  its  own  abdominal  vessels.*'  In  this  condition  the 
is  dilatation  of  the  mesenteric  and  of  the  renal  arteries.  At  t' 
same  time  on  division  of  the  portal  veins  an  increased  flow  « 
blood  is  observed.     No  increase  of  temperature  was  found   in  tl 


abdominal  organs  after  division  or  irritation  of  the  various  nerves 
and  ganglia  supplying  them,  as  they  already  possessed  the  highest 
temperature  of  all  parts  of  the  body.     Such  is  the  condition  of  the 
abdominal  vessels  in  the  frog  in  the  well-known  Goltz  experiment. 
fliis  experiment  consists  in  tapping  the  abdomen  of  a  frog  with 
light  but  frequent  blows,  which   result  in  a  temporary  cessation 
uf  respiration,   hutri-pulsation,  and  muscular  action,   from  which 
ition,   however,   the  animal   speedily  recovers.     As  all   local 
itypenemias    are    accompanied    by    compensatory    local    anaemias 
where  else  to  preserve  the  pressure,  it  can  easily  be  seen  that 
the  blood-vessels  of  the  abdominal  viscera  can  become  the  regula- 
tors of  the  blood-pressure  throughout  the  body. 

As  hypenemia  may  be  caused  by  paralysis  of  the  constrictors  or 
ritation  of  the  dilators,  two  forms  of  active  hype  term  ia  must 
be  recognized.  When  caused  by  a  paralysis  of  the  constrictors  it 
is  known  as  hyperemia  of  paralysis,  or  neuro-paralytic  conges- 
tion; when  caused  by  an  irritation  of  the  dilators  it  is  known  as 
kypcritmia  of  irritation,  or  neuro-tonic  congestion  (Reckling- 
hausen). The  various  elements  which  combine  to  form  the  vaso- 
motor system  tend  to  counteract  one  another,  and,  in  disturbances, 
to  restore  the  normal  condition.  If  a  sudden  change  takes  place 
in  one  direction,  a  reaction  in  the  opposite  direction  may  soon 
occur.  After  long  exposure  to  cold  there  is  a  tendency  to  conges- 
tion of  the  part;  to  avoid  this,  frozen  parts  must  be  warmed  slowly; 
conversely,  the  arm  and  hand  which  have  been  held  for  a  long 
lime  in  warm  water  may  become  paler  than  usual. 

Oue  of    the  most  striking   examples  of  hypenemia  of  paral- 
ysis is  observed  after  gunshot  injury  of  the  cervical  sympathetic. 
A  case  is  reported   by  Mitchell,   Morehouse,   and  Keen  that  at 
the  end  of  six  weeks   showed  unilateral  hyperaemia  of   the    face 
after  an  unusual  exertion,  with  redness  of  the  conjunctiva,  con- 
traction of  the  pupil,   secretion  of  tears,   and  ptosis.     A  similar 
injury  recently  occurred  during  the  writer's  service  at  the  hospital, 
followed  immediately  by  changes  in  the  pupil  and  hyper- 
idrosis  of  the  injured  half  of  the  face  and  the  neck.      Hutchinson 
observed,    after   fracture  of    the   clavicle,    paralysis   of   the   arm, 
narrowing  of  the  pupil,   and  rise  of  temperature  of  the  injured 
Wf  of  the  face.     Such  evidences  of  pressure  on  the  cervical  syrn- 
ictic  in  this  injury  he  considers  not  unusual.     A  more  exten- 
forni  of  this   kind  of  paralysis  is  given  by  Groningen.     A 
laborer  lying  on  his  back  after  a  full  meal  was  playfully  hit  upon 
the  stomach  with  a  plank;  in  fifteen  minutes  he  was  dead,  and  at 


tlit/  autopsy  no  structural  lesion  could  be  found  in  any  part  of  the 
body.  Many  examples  of  syncope  due  to  blows  upon  the  chest  and 
the  abdomen,  followed  by  death  or  recovery,  and  usually  ascribed 
to  shock,  are  undoubtedly  caused  by  a  reflex  paralysis  of  the  heart 
and  the  abdominal  vessels.  As  the  treatment  of  these  cases  is 
very  different  from  that  adapted  to  shock,  it  is  important  that  the 
two  conditions  should  be  distinguished  from  each  other.  The 
action  of  the  heart  in  cases  of  vaso-motor  paralysis  can  be  restored 
by  electric  stimulation  or  frictions  and  by  compression  of  the 
abdominal  walls  to  force  the  blood  forward  into  the  heart,  whereas 
in  shock  absolute  rest  is  of  the  utmost  importance. 

But  few  examples  of  hyperemia  of  paralysis  are  recorded  as 
following  injuries  of  the  nerves  of  the  extremities.  An  observa- 
tion by  Waller  on  the  ulnar  nerve  is  worth  mentioning  here:  The 
nerve  at  the  bend  of  the  elbow  was  placed  on  a  freezing  mixture 
until  all  sensation  was  lost.  A  rise  of  temperature  with  conges- 
tion was  then  noticed  in  the  skin  between  the  third  and  fourth 
fiugers,  and  ht  some  cases  this  condition  lasted  several  d. 
Swelling  of  the  finger-joints  has  been  noticed  following  fracture 
of  the  internal  condyle  of  the  humerus  causing  pressure  on  the 
ulnar  nerve.  The  same  condition  sometimes  follows  Colles's 
fracture,  and  is  probably  produced  by  pressure  upon  the  nerves  of 
the  wrist  by  the  displaced  upper  fragment. 

The  hyperemias  of  dilatation  are,  as  a  rule,  shorter  and  quicker 
in  their  action.  They  are  accompanied  by  nervous  symptoms, 
such  as  neuralgic  pain,  active  secretion  of  the  gland  supplied  by 
the  nerve,  oedema,  and  desquamation  of  epithelium  from  mem- 
branes. The  changes  of  color  in  the  cheek  following  disturbance 
of  the  emotions,  as  shame  or  anger,  are  regarded  as  examples  of 
this  fonn.  The  flushing  following  the  stimulating  effects  of 
alcohol,  tea,  and  coffee  is  supposed  to  be  due  also  to  stimulation  of 
the  dilator  nerves.  Redness  of  the  conjunctiva,  and  even  of  the 
forehead  and  cheek,  with  flow  of  tears,  is  an  occasional  accom- 
paniment of  facial  neuralgias,  and  is  a  symptom  in  accord  with 
observations  of  Strieker  on  the  presence  of  the  dilators  in  the 
sensory  roots.  In  fact,  in  hemicrania  a  dilatation  of  the  vessels 
of  the  retina,  both  arteries  and  veins,  has  been  observed.  Perhaps 
the  most  striking  example  of  hyperemia  following  nerve-irritation 
is  herpes  zoster.  Not  only  does  the  eruption  follow  the  anatomical 
distribution  of  nerves,  but  evidences  of  inflammation  have  also 
been  observed  in  the  nerves  themselves  by  Haight  and  others. 

Cases   of    erythema,    described    by    Mitchell,    Morehouse,    and 


Keen*  following  irritation  of  nerves  previously  severed  by  gunshot 
injury,  are  probably  due  to  an  active  dilatation  of  the  vessels. 
Redness  and  swelling  of  the  joints  have  been  observed  by  Weir 
Mitchell  in  cases  following  gunshot  injury  of  the  brachial  pic 
and  by  Packard  in  a  case  of  compression  of  the  sciatic  nerve  by  a 
tumor.  The  conditions  described  by  Mitchell  as  erythroinelalgia 
may  be  classed  with  these  hyperemias.  The  reflex  hyperemias 
are  said  by  Recklinghausen  to  belong  to  this  class  also. 

Hyperemia  caused    by  paralysis  of  the  p<  riiascular  ganglia 
may  be  observed  in  parts  of  the  body  separated  from  the  nervous 
centres,  as  in  transplanted  flaps,  where  an  unusual  susceptibility 
to  heat  and  cold  is  ordinarily  shown  by  changes  in  the  calibre  of 
the   vessels.      A   hand   and    forearm   separated    from    the    nervous 
centres  by  division  of  the  nerves  exhibited  this  increased  suscept- 
ibility :  on   dipping  the  hand  into  cold  water  congestion  with  the 
formation  of  vesicles  took  place.     A  bright  blush  suffuses  a  limb 
after  removal  of  an  Esmarch  bandage  and  the  capillary  hemorrhage 
I  the  wound  is  for  a  short  time  quite  active  if  means  have  not 
been  taken  to  prevent  its  occurrence.     The  dilatation  of  the  blood- 
vessels is  here  evidently  due  to  a  local  influence  exerted  directly 
upon  them,  either  as  the  result  of  pressure  or  the  removal  for  a 
certain  length  of  time  of  the  nutrient  blood.     Whether  this  local 
influence   is  exerted    partly  upon   the   mur.cn lar  apparatus  of  the 
vessel-walls  directly,  and  not  through  the  perivascular  ganglia,  is  an 
open  question.     The  congestions  of  the  walls  of  sacs  following- 
evacuation  of  their  contents  belong  to  this  class.     Tapping  the 
abdomen  for  ascites  may  be  followed  by  heart  failure  or  by  serious 
hemorrhage  into  the  peritoneal  cavity  if  the  pressure  of  the  fluid  is 
not  replaced  by  external  support.      Too   rapid   evacuation  of   a 
bladder  distended  by  obstruction  from  enlargement  of  the  prostate 
may  be  followed  by  haematuria  and  cystitis.      In  such  a  case  the 
vessels  of  the  bladder- wall  are  suddenly  deprived  of  a  support  to 
which  they  have  been  accustomed  for  months  or  for  years  perhaps, 
and  have   lost  the  tonus  which  enabled   them  to   preserve  their 
normal  calibre.     This  rapidly-produced  hyperemia  is  followed  by 
rupture  of  some  of  the  vessels  or  by  a  congestion  terminating  in 
inflammation.     A  portion  only  of  the  urine  should  be  removed 
from  such   a  bladder  in  order  to  allow  the  blood-vessels  time  to 
regain  their  tonus.     A  similar  condition  is  often  seen  in  limbs  after 
fracture.     The  distention   of    the    blood-vessels   so  characteristic 
tag  the  first  attempts  to  place  the  foot  upon  the  ground  after 
prolonged  rest  in  the  horizontal  posture  is  in  part  due  to  increase 
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of  pressure  from  the  vertical  position.  The  relaxing  effect  of 
moderate  heat  upon  the  vessels  of  the  hand  on  placing  it  in  warm 
water  is  familiar  to  ever)*  one.  Very  hot  water  will  stimulate  the 
constrictors,  and  is  therefore  useful  in  arresting  hemorrhage  from  a 
wound.  Prolonged  douches  of  hot  water  have  a  similar  astringent 
effect,  and  are  used  upon  the  cervix  uteri  for  this  purpose.  The 
class  of  remedies  known  as  rubefacients  have  probably  a  local 
action  only  on  the  blood-vessels ;  when  very  stimulating  they  will 
produce  primary  constriction  followed  by  dilatation  of  the  vessels. 
It  is  supposed  that  many  of  the  erythematous  eruptions  seen  in 
bacterial  diseases,  such  as,  for  instance,  surgical  scarlet  fever,  are 
produced  by  the  local  action  of  the  bacteria  or  their  toxic  products 
upon  the  vessels.  The  artificial  congestion  produced  by  cupping 
is  not  a  pure  example  of  either  active  or  passive  hypera*nna,  as  the 
vacuum  draws  the  blood  from  all  quarters  indiscriminately  ;  that 
is,   partly  from  the  arteries  and  partly  from  the  veins. 

Hyperemia  is,  as  a  rule,  a  passing  condition,  and,  as  already 
stated,  leaves  the  part  in  the  condition  it  was  before  ;  long-con- 
t mned  hyperemia  may  lead  to  hypertrophy  of  the  vessels,  and  also 
of  the  part  itself,  as  hypertrophy  of  the  heart  from  hyperemia  of 
the  coronary  arteries.  When  dilatation  of  the  blood-vessels  comes 
on  suddenly  and  is  intense  in  character,  there  may  be  an  exudation 
of  plasma  from  the  vessels  and  cedema  will  take  place.  This  is 
particularly  noticeable  in  soft  tissues,  as  the  eyelids,  in  the  neigh- 
borhood of  inflammations,  and  is  known  as  collateral  cedema.  It 
is  probable,  however,  that  in  these  cases  there  is  not  a  pure  exam- 
ple of  hyperemia,  but  that  other  elements  aTe  at  work,  of  which 
more  will  be  said  when  studying  inflammation.  CEdema,  and  even 
hemorrhage,  may,  however,  occur  as  the  result  of  pure  hyperaemia, 
as  is  seen  in  many  forms  of  skin  eruption.  At  times  excessive 
glandular  secretion  occurs  :  this  is  observed  in  the  mucous  mem- 
branes and  also  in  the  skin.  It  is  a  question  whether  the  secretion 
is  the  result  of  a  reflex  irritation  of  the  nerves  going  to  the  glaml- 
cells  or  of  the  dilatation  of  the  blood-vessels  of  the  gland.  In 
very  chronic  cases  there  is  found,  in  addition  to  hypertrophy,  an 
unusual  growth  of  hair  on  the  part. 

Passive  /iv fierce  una  is  caused  by  partial  or  by  complete  obstruc- 
tion of  the  flow  of  blood  through  the  veins.  It  can  be  produced 
artificially  by  placing  a  ligature  around  a  large  vein.  If  this  vessel 
he  placed  in  communication  with  a  registering  apparatus,  it  will 
be  found  that  there  will  be  considerable  increase  of  pressure  at 
first,  but  that  in  a  short  time  the  pressure  has  returned  to  normal. 


The  blood  lias  found  its  way  around  the  obstruction  through  the 
neighboring  veins,  which  exist  in  abundance.  If,  however,  a 
tourniquet  is  placed  around  a  limb  tightly  enough  to  obstruct  only 
the  veins,  but  not  the  artery,  there  will  soon  be  seen  a  rise  in  the 
pressure,  which  will  become  almost  equal  to  that  in  the  arteries. 
There  may  even  be  a  pulsation  in  the  veins.  The  same  condition 
will  be  established  after  obstruction  of  a  single  vein  in  organs 
which  have  only  one  vein,  as  the  kidney.  Obstruction  of  the 
portal  vein  and  of  the  femoral  vein  under  Poupart's  ligament  will 
also  be  attended  by  such  serious  disturbance. 

In  this  form  of  hyperemia  the  color  of  the  skin  will  be  bluish 
or  dark  red.  When  the  surface  is  unusually  transparent,  as  under 
the  nails,  there  is  a  livid  or  cyanotic  hue.  The  change  of  color  is 
most  marked  at  the  extremities,  where  the  capillaries  are  large,  or 
where  the  arterioles  terminate  in  veins  without  an  intermediate 
capillar)*  system.  The  temperature  of  the  surface  is  cooler  than 
usual,  this  being  due  to  the  slowing  of  the  blood-current,  thus 
alio  ss  warm  blood  than  usual  to  pass  through  the  tissues. 

The  venous  color  appears  to  be  due  in  part  also  to  this  state  of  the 
current,  for  the  blood  remains  longer  in  the  part,  and  consequently 
becomes  more  highly  charged  with  carbonic  acid  and  more  com- 
pletely  deprived    of    its    oxygen.       In    amputation    wounds    the 
venous  color  of  the  blood  flowing  from  the  surface  is  marked  while 
compression  is  still  partly  exerted  by  the  tourniquet,  and  the  flow 
israoTe  rapid  than  normal,  owing  to  the  increased  pressure  in  the 
veins.     Such  hemorrhage  will,   however,  speedily  be  arrested  by 
removing  the  tourniquet  and  allowing  the  current   to  flow  in  its 
natural  direction  toward  the  heart. 

The  minuter  changes  in  passive  hyperemia  may  be  studied  in 
the  frog's  tongue  after  tying  the  veins  on  either  side.      There  is  at 
first  an  appreciable  slowing  of  the  current  in  the  small  veins  and 
capillaries.     These  vessels  soon  become  filled  and  distended 
with  blood -corpuscles,  the  plasma-layer  in  the  smaller  veins  dis- 
ag  entirely.     The  red  corpuscles  now  appear  to  lose  their 
r  and  become  fused  together  in  an  almost  homogeneous  mass. 
The  flow  of  blood  ceases,  and  the  blood-column  has  a  rhythmical 
IB  communicated  to  it  with  each  heart-beat.     Presently  at 
isolated  points  red  corpuscles  appear  projecting  through  the  walls 
of  the  capillaries  and  small  veins,  and  finally  they  are  forced  eom- 
pletely  through,  owing  to  the  pressure  to  which  they  have  been 
subjected.     There  is  at  the  same  time  also  an  escape  from   the 
vessels  of  a  certain  amount  of  fluid,  which  gives  rise  to  oedema 
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caused  by  the  pressure  exerted  upon  the  small  vessels  both  by  tb 
veins  and  the  arteries.  In  the  arteries  no  increased  pressure  is 
observed,  as  their  tonus  is  always  higher  than  any  pressure  that 
can  be  produced  by  this  form  of  hyperemia. 

A  study  of  the  arteries  of  the  retina  shows  that  they  are 
narrower  than  usual  under  these  circumstances.  This  contraction 
of  the  arterioles  is  supposed  to  be  either  compensatory,  so  as  to 
bring  less  blood  to  the  congested  part,  or  is  for  the  purpose  of 
making  the  blood-stream  more  powerful.  The  exuded  fluid  is 
poorer  in  albumin  than  the  liquor  sanguinis  or  pure  lymph;  and  it 
has  but  slight  tendency  to  coagulate.  The  reddish  tinge  some- 
times given  to  the  fluid  is  due  to  the  presence  of  red  corpuscles. 

One  of  the  most  familiar  examples  of  this  form  of  hyperemia 
is  that  condition  of  the  vessels  of  the  lower  extremities  accom- 
panying varicose  veins.  Here  all  stages  of  the  process  can  be 
studied.  At  first  there  is  only  oedema,  the  change  in  color  being 
but  slight,  owing  to  the  collateral  circulation.  Later  there  is 
considerable  pigmentation  of  the  skin,  owing  to  the  destruction  of 
the  escaped  red  blood-corpuscles,  and  finally  the  disturbance  in  the 
nutrition  of  the  part  is  so  great  that  a  breaking  down  of  the 
tissues  takes  place  and  gives  rise  to  ulceration.  Many  of  these 
symptoms  can  be  made  to  disappear  by  overcoming  the  obstruc- 
tion due  to  the  dilated  and  tortuous  blood-channels,  which  can 
easily  be  done  by  placing  the  limb  in  a  horizontal  posture. 
Passive  hyperemia  may  also  be  produced  by  pressure  on  venous 
trunks  from  inflammatory  new  formations  or  tumors. 

If  the  force  of  the  blood-current  is  naturally  weakened,  ta  Ml 
feeble  individuals  or  in  disease  of  the  heart,  there  may  be  local 
congestion  at  points  where  it  is  most  difficult  for  the  blood-column 
to  overcome  the  force  of  gravity.  This  congestion  often  occurs  in 
the  lungs  when  an  enfeebled  individual  has  been  for  a  long  time 
in  the  recumbent  posture,  for  then  the  blood-pressure  is  alw 
more  feeble.  These  forms  of  hyperemia  are  known  under  the 
name  of  hypostatic  congestion.  It  is  possible  that  such  congestions 
may  take  place  in  other  internal  organs,  such  as  the  prostate  and 
bladder.  It  is  necessary  to  be  on  guard  against  complications  of 
this  kind  when  confining  the  aged  to  bed  for  any  length  of  time. 
A  similar  condition  is  that  which  leads  under  similar  circum- 
stances to  decubitus  or  bed-sore.  Light  pressure  on  a  spot  for  a 
considerable  time  causes  an  ischemia  which  is  followed  by  a 
relaxation  of  the  vessels,  particularly  the  small  veins,  owing  to 
the  feeble  circulation,  instead  of  the  usual  hyperemia  that  in  the 


normal  condition  should  follow.     The  most  protruding  portions  of 

the  skeleton  posteriorly  indicate  the  points  where  these  congestions 

are  likely  to  occur*     The  feeble  circulation  is  followed  by  stasis  in 

the  capillaries,  the  stage  preceding  actual  death  of  the  part,  which 

stage  may  occur  in   the   form   of  ulceration  or  gangrene.     The 

bluish  color  imparted  to  portions  of  the  body  subjected  to  great 

cold  is  due  to  hyperemia  following  an  ischsemia  of  the  part.     In 

parts  which  have  been  in  a  state  of  chronic  inflammation  slight 

external  influences  will  produce  the  cyanotic  color  for  the  same 

reason.     The  hyperemia  and  swelling  in  legs  convalescing  from 

fracture  is  in  part  due  to  passive  hyperemia.     In  heart  disease 

there  may  be  general  passive  congestion  of  the  whole  body,  as 

well  as   anaemia,    and    in    shock    the   pallor,    the    clammy    and 

cyanotic  skin,  are  all  due  to  a  feeble  heart-action  which  slackens 

the  Wood-current  in  the  capillaries  and  the  veins. 


. 


IV.   SIMPLE    INFLAMMATION. 


i.  The  Process, 

A  proper  understanding  of  the  phenomena  of  inflammation 
may  be  said  to  be  absolutely  essential  as  a  basis  upon  which  to  build 
tip  a  knowledge  of  surgical  pathology.  The  close  relation  of  the 
blood-vessels  to  the  inflammatory  process  was  recognized  by  Hunter, 
who  says:  "The  act  of  inflammation  would  appear  to  be  an  increased 
action  of  the  vessels. "  He  recognized  the  congestion  of  hyperemia 
accompanying  inflammation  "as  the  first  act  of  the  vessels  when  the 
stimulus  which  excites  inflammation  is  applied." 

In  a  study  of  the  circulation  as  observed  in  inflammation,  the 
experiments  of  Cohnheim,  both  on  the  circulation  and  the 
action  of  the  white  corpuscles,  first  published  in  1867,  added 
greatly  to  the  knowledge  of  this  process,  and  deserve,  therefore,  to 
be  mentioned  first.  Such  modification  of  his  views  as  were  sug- 
gested by  other  observers  will  be  then  considered.  If  a  frog  be  par- 
alyzed with  curare,  and  there  is  drawn  through  an  incision  made 
on  one  side  of  its  abdomen  a  loop  of  intestine,  and  so  spread  out 
that  the  light  can  easily  be  transmitted,  there  will  be  obtained  a 
transparent,  highly  vascular  membrane  which  soon  becomes  in- 
flamed upon  exposure  to  the  air.  It  does  not  require  very  careful 
observation  to  perceive  that  the  rapidity  of  the  flow  of  blood  is 
greatly  increased,  and  that  the  number  of  the  vessels  is  also  appar- 
ently increased,  many  now  being  visible  which  were  not  before 
observed.  The  capillaries,  through  which  there  flowed  only 
occasionally  a  corpuscle,  are  now  quite  full  and  their  situatiou 
easily  determined.  The  increased  rapidity  of  the  flow  lasts  only 
for  a  short  time,  however,  and  it  is  followed  by  a  slowing  of  the 
current,  which  now  becomes  slower  than  normal.  Thus  far,  the 
phenomena  observed  have  not  differed  in  any  way  from  those  seen 
in  active  hyperemia  ;  but  now  a  new  element,  the  slowing  of  the 
current,  is  introduced,  and  from  this  time  on  the  picture  changes, 
and  new  phenomena  are  seen  which  have  not  been  found  to  exist 
in  hyperemia.  In  consequence  of  the  slowing  of  the  current  the 
corpuscles  accumulate  in  great  numbers  in  the  capillaries,  which, 
although  distended,  do  not  become  materially  increased  in  calibre. 
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Along  the  walls  of  the  small  veins  there  may  now  be  noticed  an 
accumulation  of  white  corpuscles.  They  are  no  longer  swept  back 
again  into  the  current  after  a  temporary  adhesion  to  the  wall,  but 
remain  attached  to  the  wall  until  a  considerable  number  have 
accumulated.  Occasionally  one  is  dislodged,  only  to  be  soon 
arrested  again  in  its  progress.     Finally,  their  number  becomes  so 

»  enormously  increased  that  the  entire  vessel-wall  appears  to  be  lined 
with  a  layer  of  white  corpuscles  (Fig.   23).     Adherence  of  white 
corpuscles  to  the  wall  is  observed  also  in  the  capillaries,  but  there 
they  are  more  freely  mingled  with  the  red  corpuscles,  whereas  in 
the  veins  the  two  varieties  of  cells  seem 
to  have  separated  from  one  another.     In 
the  arterioles  there  is  a  tendency  to  ac- 
cumulation on  the  inner  wall  of  white 
corpuscles,  this  being   particularly  no- 
iluriug  the  diastole  ;  the  suc- 
ceeding wave,    however,   sweeps  them 
back  into  the  current  again,  and  they 
■ear. 
Presently    slight    protuberances    are 
noticed  here   and   there  on   the   outer 
walls  of  some  of  the  small  veins,  and 
they  gradually  increase  in  size.    At  cor- 
responding points  on  the  inner  side  of 
the  vessel  are  situated  white  corpuscles. 
At  points  favorable  for  observation  one 

I  can  see  that  an  enlargement  of  the  outer 
protuberance  keeps  pace  with  a  dimi- 
nution of  the  size  of  the  corpuscle  pre- 
viously observed  attaching  itself  to  the  inner  wall,  and  that  when 
the  corpuscle  has  entirely  disappeared  there  is  seen  on  the  outer 
wall  a  perfectly-developed  cell,  which  proceeds  to  detach  itself  from 
the  vessel  and  by  frequent  changes  of  shape  to  change  its  position 
from  time  to  time.  When  at  rest  these  cells  are  round,  granular 
bodies,  containing  one  or  more  nuclei,  and  are  not  to  be  distin- 
guished from  white  blood-corpuscles  ;  when  in  motion  they  possess 
uue  or  more  prolongations  and  become  quite  irregular  in  shape, 
resembling  in  all  respects  the  {l  wandering  cells"  of  the  connec- 
tive tissue  originally  described  by  Recklinghausen.  In  the  mean 
time  large  numbers  of  similar  ceils  are  making  their  way  through 
the  walls  of  all  the  veins  within  the  field  of  vision  until  they  are 
surrounded  with  several  layers  of  white  corpuscles. 


E  1  23.— Blood-vessel,  Meseirtery 
of  a  Frog,  showing  diapedesis  of  leu- 
coe\!' 
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The  white  corpuscles  are  also  seen  escaping  through  the  walls 
of  the  capillaries,  but  to  a  less  extent ;  and  there  is  found  here 
mingled  with  them  a  certain  number  of  red  corpuscles.  In  the 
arterioles  no  such  passage  of  cells  is  taking  place,  the  interior  of 
the  vessel-wall,  as  has  been  stated,  being  kept  clear  of  white  cells 
by  the  force  of  the  current  At  the  same  time  there  is  consider- 
able exudation  of  fluid  from  the  vessels  into  the  meshes  of  the 
surrounding  tissue.  The  mesentery  is  now  distended  by  a  mass  of 
cells  add  fluid,  which  presently  escapes  from  the  tissues  to  the  sur- 
face, where  the  fluid  coagulates  and  forms  a  membrane,  between  the 
fibrils  of  which  are  imprisoned  the  white  and  perhaps  also  some 
red  corpuscles.  The  escape  of  white  corpuscles  from  the  vessel 
was  first  described  in  184 1  by  Dr.  Williams  in  England,  but  it 
was  not  until  Colin heim  had  so  clearly  demonstrated  the  process  and 
its  bearing  upon  the  theory  of  inflammation  that  it  was  accepted 
by  the  scientific  world. 

The  tongue  of  the  frog,  in  which  has  already  been  observed  the 
changes  of  hyperaemia,  is  also  well  adapted  for  studying  the  con- 
ditions of  the  circulation  in  inflammation.  A  caustic  substance  of 
some  kind  applied  to  the  centre  of  the  organ  will  enable  one  to 
observe  different  degrees  of  inflammation  at  different  distances  from 
the  point  of  injury.  On  the  extreme  periphery  the  circulation  is 
normal ;  next,  a  zone  of  dilated  vessels  with  slowing  of  the 
current,  and,  still  nearer,  an  exudation  of  white  corpuscles  is 
seen,  particularly  from  the  veins.  As  the  centre  is  approached  the 
circulation  becomes  slower  and  the  exudation  greater,  until  the 
zone  of  stasis  is  reached  where  the  vessels  are  acted  upon  by  the 
chemical  substance  and  the  blood  has  coagulated  in  them. 

The  different  phases  of  the  circulatory  disturbances  may  be 
produced  by  simply  placing  a  ligature  around  the  frog's  tongue 
and  removing  it  at  different  periods  of  time.  If  left  on  from 
twelve  to  twenty-four  hours,  and  then  removed,  a  passing  hyper- 
aemia is  produced.  This  can  be  seen  on  any  limb  after  the  re- 
moval of  an  Esmarch  bandage.  If  the  ligature  is  left  in  place 
from  thirty-six  to  forty-eight  hours,  there  is  caused  at  first  a 
hyperaemia,  followed  by  a  slowing  of  the  current  and  an  exudation 
of  cells  and  plasma.  If  left  on  for  sixty  hours,  the  stream  will 
become  so  sluggish  that  there  will  be  an  enormous  diapedesis  of 
white  corpuscles,  and  many  red  corpuscles  will  also  be  found  in 
the  exudation.  The  tongue  looks  as  if  it  were  covered  with  red 
spots.  If  the  ligature  be  not  removed  for  two  or  three  days,  the 
blood  penetrates  into  the  beginning  of  the  arteries,  but  not  into 
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smaller  arteries  or  capillaries  or  veins,  and  the  circulation  is 
L*er  re-established. 

It  is  quite  evident  that  there  is  here  something  different  from 
pie  hyperaemia  ;  not  only  is  the  current  slower,  but  there  is  an 
udation  or  a  leakage  through  the  walls  of  the  vessels.     This 
udation  is  attributed  by  Cohnheim  to  a  molecular  change  in  the 
l-wall,  a  condition  bringing  about  different  relations  of  friction 
id  adhesion  between  the  blood  and  the  walls  due  to  changes  in 
the  endothelium.    Cohnheim  thinks  that  he  can  exclude  the  nerves, 
Cor  he  has  been  able  to  produce  inflammation  in  the  ear  of  a  rabbit 
when  every  connection  has  been  severed  except  the  artery  and  the 
vein.    This,  however,  can  hardly  be  received  as  satisfactory  evi- 
dence, for  the  perivascular  ganglia  are  not  excluded,    and  it  is 
probable  that  in  a  case  such  as  this  they  may  be  called  into  action. 
The  dilatation  is  also  greater  than   in  hyperemia  ;  for  instance,  a 
rabbit's  ear  will  have  a  still  greater  dilatation  and  injection  of  the 
vessels  after  section  of  the  sympathetic  if  the  part  be  irritated  with 
croton  oil  or  dipped  in  hot  water.      The  slowness  with  which  the 
process  develops  is  against  the  hypothesis  of  nerve-action  ;  some- 
times hours  elapse  after  application  of  a  caustic  before  any  change 
occurs. 

Cohnheim  argues,  also,  that  the  disturbance  is  not  in  the  blood, 
for  it  may  be  produced  in  the  tissues  while  the  blood  is  absent.  If 
the  blood  be  excluded  from  a  rabbit's  ear  by  an  Esmarch  bandage, 
and  the  ear  be  dipped  in  moderately  hot  water,  and  the  ligature  be 
removed  as  soon  as  the  ear  has  cooled  off,  the  symptoms  of  inflam- 
mation will  presently  show  themselves,  and  the  ear  will  become 
swollen  to  several  times  its  normal  thickness.  The  disturbance 
has  not  been  produced  in  the  blood,  but  in  the  part  itself.  It  is 
not  probable,  he  thinks,  that  the  cells  of  the  part  can  have  any 
influence  upon  the  corpuscular  elements  of  the  blood,  although  it 
an  be  conceived  that  they  may  attract  to  themselves  the  fluid 
portion.  He  is  therefore  driven  to  the  conclusion  that  the  change 
uin  the  wall  of  the  vessel.  It  has  already  been  noted  that  if  the 
blood  is  excluded  from  the  vessels  for  a  certain  length  of  time,  it 
will  not  enter  them  again,  although  the  vessels  are  apparently 
open.  It  would  not,  therefore,  be  difficult  to  understand  how  under 
other  circumstances  these  walls  can  hinder  or  retard  the  flow  of 
Mood.  The  chemical  character  of  the  fluid  which  filters  through 
the  wall,  as  compared  with  that  observed  in  hyperemia,  is  another 
reason  for  assuming  a  change  in  the  wall. 
This  idea  of  change  in  the  vessel-wall  is  accepted  by  Burdon 
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Sanderson.  The  vessels  dilate,  he  says,  because  they  have  lost  the 
power  they  before  possessed  of  resisting  dilatation.  There  is  a 
loss  of  vital  power,  in  consequence  of  which  leakage  also  takes 
place.  Professor  Glax  of  Graz  showed  that  by  keeping  up  the 
vital  properties  of  tissues  in  animals  by  the  artificial  circulation  of 
properly  arterialized  blood  through  the  vessels  under  an  absolutely 
constant  pressure,  the  introduction  of  a  small  percentage  of  injurious 
substances,  such  as  metallic  salts,  produced  a  leakage  and  a  dim- 
inution in  the  quantity  of  blood  flowing  through  a  given  part. 

Landerer  contends  that  the  prima m  rnovens  in  inflammation,  or 
the  first  thing  to  be  noticed,  is  the  much  more  frequent  injury  to 
the  tissue-cells  than  to  the  vessels.  He  would  not  do  away  entirely 
with  the  view  that  the  vessel- wall  takes  part  in  the  process.  The 
capillaries  should  be  regarded  as  vascular  spaces  in  the  tissues 
lined  with  endothelium  like  the  lymph-spaces,  and  not  as  separate 
tubes  sufficiently  strong  to  support  all  the  pressure  that  may  be 
brought  to  bear  upon  them  from  within.  The  greater  part  of  the 
tension  is  borne  by  the  tissues,  which,  in  virtue  of  their  elasticity, 
can  be  placed  in  a  state  of  elastic  tension  in  the  same  way  as  the 
walls  of  larger  arteries.  The  irritant ' — or,  as  Landerer  prefers  to 
call  it,  the  4<  inflammation-excitor  "— exerts  an  influence  upon  the 
tissues  in  virtue  of  which  they  become  relaxed  ;  they  are  thus 
more  easily  distended  and  their  elasticity  is  less  complete.  This 
diminished  elasticity  of  the  tissues  would  act  upon  the  momentum 
transmitted  to  the  blood  in  the  same  way  as  the  wall  of  an  athero- 
matous artery.  The  pressure  cannot  be  returned  to  the  blood- 
column,  but  must  be  expended  in  stretching  the  tissues.  The 
momentum  of  the  blood-column  is  thus  partly  lost  and  diverted  to 
other  purposes.  The  amount  of  blood  increases,  but  the  power  to 
move  it  diminishes;  there  is  a  leakage  of  lymph,  owing  to  the 
diminution  of  external  pressure.  Landerer  thinks  that  the  old 
phrase,  ubi  stimulus  ibi  affluxusy  which  has  something  mysterious 
about  it,  should  be  discarded,  and  it  should  be  replaced  will)  the 
simple  physical  law  of  "  local  diminished  pressure  or  resistance* 
increased  flow." 

One  of  the  earliest  theories  about  the  circulation  was  called  the 
"attraction  theory,"  which  assumed  an  increased  adhesiveness  in 
the  elements  of  the  blood  to  one  another  and  to  the  vessel-wall. 
Another  theory  assumed  a  change  in  the  plasma  by  which  it 
became  more  concentrated,  and  thus  caused  resistance  to  the  natu- 
ral blood-flow.     Or  it  was  thought  that  there  was  a  vital  attraction 

1  Laiick-rci  rejects  the  tenn  "  irrilatiuti  "  as  too  suggestive  of  nerve-  or  muscle-action. 
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the  tissues  for  the  blood  :  an  increase  of  this  function  would  hold 
k  the  blood  in  the  tissues  and  produce  a  determination  of  blood 
an  organ.  An  affinity  between  the  fluids  of  the  tissues  and  the 
tents  of  the  vessels  undoubtedly  exists.  A  change,  therefore, 
the  tissues  would  affect  the  blood  and  the  vessel-walls.  The 
action  of  the  cells  in  inflammation  and  their  power  to  attract 
materials  from  the  blood  was  especially  dwelt  upon  by  Virchow. 
Recklinghausen  does  not  accept  the  experimental  evidence 
showing  a  slowing  of  the  current  in  inflammation.  At  the  height 
of  the  process  the  color  of  an  inflamed  part  is  scarlet.  The  color 
of  the  blood  when  drawn  by  leeches  is  arterial,  and  the  flow  after 
an  incision  is  more  rapid.  The  pulsation  of  large  arteries  is 
stronger  near  an  inflamed  part,  and  the  blood  flows  away  as  rapidly 
as  it  comes,  as  is  shown  in  cases  of  venesection,  where  the  blood 
from  the  vein  has  frequently  also  an  arterial  color.  The  stasis 
seen  in  the  web  of  a  frog's  foot  as  the  result  of  an  u  irritation1*  is 
not,  he  maintains,  a  symptom  of  inflammation.  The  irritant 
always  produces  at  first  an  increased  rapidity  of  the  stream.  When 
very  small  injuriesare  produced,  there  is  no  slowing  of  the  stream; 
after  a  few  hours  the  normal  circulation  is  restored.  If  strong 
irritants  are  used,  there  is  always  a  zone  of  "active  congestion" 
or  increased  rapidity  of  flow  of  the  blood  surrounding  the  spot. 
-is  in  the  centre  leads  to  necrosis,  a  result  which  does  not 
necessarily  form  a  part  of  inflammation.  The  purulent  softening 
which  occurs  around  the  necrosed  portion  takes  place  in  the  zone 
of  active  congestion.  In  the  mesentery  of  the  frog,  as  Reckling- 
hausen shows,  there  are  many  complications  which  produce  a 
of  the  current.  Among  these  complications  may  be 
mentioned  the  thinness  of  the  membrane  exposed  to  the  air,  the 
contraction  of  the  intestine,  the  great  hyperemia  of  the  abdominal 
viscera,  and  the  diminished  heart-action  aud  blood-pressure  caused 
by  curare.  In  the  frog's  tongue  which  is  turned  over  and 
stretched  out  there  are  frequent  obstacles  to  the  blood-flow. 

Recklinghausen  evidently  does  not  regard  the  slowing  of  the 
blood-curTent  as  a  necessary  part  of  inflammation.     He  is,  how- 
ever, willing  to  admit  that  some  iuflammation-excitors  may  act 
1  the  blood  upon  the  vessels,  and  thus  impair  the  action  of 
their  walls. 

11  events,  it  may  be  concluded,  from  the  experiments 
described  above,  that  there  is  produced  a  condition  differing  from 
simple  hyperemia.  The  disturbance  of  circulation  in  inflamma- 
tion comes  on  later  and  lasts  longer  than  in  hyperemia.     There  is 
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also  exudation  which  does  not  occur  in  hyperemia  or  occurs  only 
to  a  slight  degree. 

In  its  earliest  stages  the  congestion  of  inflammation  differs 
probably  but  little  from  active  hyperemia.  As  the  process 
develops  there  is  a  greater  dilatation  of  the  vessels  and  a  dimi- 
nution of  tension;  the  vessel-walls  and  the  tissues  are  "relaxed*1 
through  the  action  of  the  inflammatory  agent.  As  a  consequence, 
the  conditions  of  hyperemia  are  so  far  departed  from  as  to  produce 
a  leakage  of  the  vessels.  Should  the  inflammatory  agent  occasion 
a  more  profound  impression  upon  the  part,  there  may  be  a 
temporary  stasis  in  some  of  the  capillary  vessels;  and  there  can 
easily  be 'imagined  permanent  stasis  in  a  very  limited  area  with- 
out the  occurrence  of  necrosis  or  even  of  serious  disturbance  of 
nutrition. 

In  the  average  case  of  pronounced  inflammation  there  probably 
exists  the  phenomena  of  genuine  hyperemia  of  the  blood-vessels 
in  the  peripheral  portions  of  the  inflamed  mass,  with  greater 
distention  and  relaxation  of  the  vessel  as  the  centre  is  approached. 
These  causes,  combined  with  the  swelling  of  the  parts,  would 
undoubtedly  impair  the  rapidity  of  the  blood-flow.  The  phe- 
nomena of  a  rapid  current,  as  arterial  pulsation  and  color,  with 
more  rapid  flow  of  blood  from  an  incision,  might  coexist  with  a 
slowing  of  the  current  in  another  portion  of  the  same  part. 

It  is  a  well-known  fact  that  in  certain  inflammations  the  con- 
gestion may  be  so  severe  as  to  obstruct  the  circulation  of  a  con- 
siderable area,  and  to  an  extent  that  will  cause  death  of  the  part 
or  mortification.     Such  severe  forms  of  inflammation  are,  however, 
fortunately,  extremely  rare,  and  they  occur  usually  in  parts  not_ 
capable  of  rapid  distention,  as  the  bone,  or  where  the  circulation^ 
is   less   active,    as  the  extremities   of   the   arterial    circuit.     Th 
disturbances  of  circulation  of  the  blood  seen  in  laboratory  inflain — 
mations  must,   therefore,   be   regarded   as  partly  artificial  in  cha- 
racter.    In  reality,  however,  there  is  probably  considerable  varia 
tit  hi  in  the  rapidity  of  the  blood-flow. 

A    word    may    be   said    here    about    the    changes   seen    in    th' 
/  during  inflammation.     Much  attention  has  been  drawn  o 
late  to  the  so-called  "third  corpuscle,"  which  is  a  colorless  prot 
plasmic  disk  from  1.5  to  3.5/*  in  diameter,  these  corpuscles  niinn 
bering,  according  to  Osier,  about  one   to   every  twenty  red  co> 
puscles.     They  are  visible  in   the  circulating  blood,  and  on  tl  1 
withdrawal  of  blood  from  the  circulation  they  tend  to  adhere  t 
one  another,  and  to  form   irregular  granular  clumps,  known 
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Schultzc's  granular  masses,"  or  as  granular  debris  so  often  seen 

in  the  neighborhood  of  blood-clots.     The  name  now  usually  given 

tbem   is   "blood-plaques,"     Their  tendency  to  agglutinate  and  to 

disintegrate    has  prevented  their  earlier  recognition.      They  are 

more  numerous  in  the  infant  and  in  the  aged.     They  are  supposed 

by  some  to  be  true  hzematoblasts — that  is,  bodies  from  which  the 

red  corpuscles  are  formed  ;  they  are  seen  in  large  numbers  when 

Wood-corpuscles  are  forming,  but  their  relation  to  this  process  is 

I  doubtful. 

The  blood-plaques  are  much  more  numerous,  however,  in  acute 
sthenic  fevers  and  in  chronic  wasting  disease,  and  probably  also  in 


PSa  ^4 .  —  l.eucijemic  Ulood.  showing  various  forms  of  leucocytes. 

cases  of  inflammation,  both  acute  and  chronic.     At  the  crises  of 
ind  after  the  healing  of  acute  abscesses  they  are  seen  in 
large  numbers,  and   it   is  supposed   by  some   that  an  effort  at  the 
«f  the  blood  is  thus  made  by  these  bodies  at  this  period,  but, 
tt  has  been  said,  the  evidence  on  this  point  is  yet  insufficient. 
There  is  a  very  noticeable  increase  in  the  number  of  white  cor- 
blood  during  inflammation.     This  increase  is  what 
naturally  be  expected    from  observation  of  the  great  in- 
crease in  the  number  of  these  cells  in  the  inflamed  part,  and  from 
the  active   migration  which  takes  place  through  the  walls  of  the 
bloodvessels  (Fig  24).     The  whole  system  thus  appears  to  synipa- 
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thize  with  the  local  condition,  and  those  organs  in  which  leucocytes 
abound,  as  the  spleen  and  the  lymphatic  glands,  are  found  much 
enlarged  at  this  time.  Davidson  of  Edinburgh  explains  the  increase 
of  leucocytes  in  the  blood  by  a  muscular  contraction  of  the  spleen, 
such  as  occurs  in  digestion  through  reflex  action  from  the  stomach; 
in  inflammation  the  source  of  the  reflex  irritation  is  suppose d 
him  to  originate  in  the  walls  of  the  arterioles  of  the  inflamed  part. 
These  cells  appear  to  be  quite  independent  of  the  red  corpuscles, 
which  were  formerly  supposed  to  be  derived  from  them.  It  will 
presently  be  seen  that  they  have  quite  different  functions,  inti- 
mately connected  with  the  process  of  repair  and  the  protection  of 
the  body  from  invading  organisms. 

Leucocytosis  is  usually  seen  in  the  suppurating  forms  of  inflammations 
and  is  of  value  as  confirmatory  evidence  in   the  diagnosis   of  deep-seated 
abscesses,  even  the  pus  of  a  felon  being  sufficient  to  cause  marked  increase 
ui  white  cells.     According  to  the  observation  of  R.  C.  Cabot,  it  is  regu" 
though  not  invariably,  present  in  purulent  but  not  in  catarrhal  appendicitis, 
and  is  of  value  in  enabling  the  physician  to  distinguish  this  affection  from 
colic  or  from  constipation.     Leucocytosis  may  help  one  to  distinguish  | 
salpinx  and  pelvic  abscess  from  pelvic  neuralgias  and  small  ovarian  tumors. 
Cabot  did  not  find  leucocytosis  following  urethral  fever  or  cystitis  or  endo- 
iiii  iritis.     He  found  this  condition  of  the  blood  in  three  cases  of  suppurative 
colangitis,  but  absent  in  two  cases  of  gall-stones  without  pus.     Leucocv 
was  not  observed  in  tubercular  affections.     In  general  septic  peritonitis  it  is 
occasionally  absent.     It  is  seen  in  suppurative  osteomyelitis,  and  also  in  all 
forms  of  suppuration  with  pocketing  of  pus  following  operations.     It  is  the 
rule  in  erysipelas.     In  new  growths  it  is  very  variable,  apparently  accom- 
panying chiefly  those  cases  in  which  cachexia  is  most  marked. 

In  old  times,  when  venesectioii  was  a  common  procedure  in 
inflammatory  disease,  it  was  well  known  that  blood  coagulated 
quickly  when  withdrawn  from  the  body.  The  so-called  **bufl"y 
coat,"  the  cru&ta  phlogisHca^  or  white  layer,  which  was  seen  at  the 
top  of  the  coagulum  in  a  vessel,  was  supposed  to  be  due  to  an 
excess  of  fibrin  in  the  blood  ;  a  fibrinous  crasis  was  supposed  to  be 
evidence  of  an  inflammatory  state  of  the  blood.  It  is  now  known 
that  the  white  corpuscles  play  an  important  part  in  the  process  of 
coagulation.  Fibrin  is  formed  by  the  union  of  two  substances, 
fibrinogen  and  paraglobuliu,  with  the  co-operation  of  fibrin-fer- 
ment. Fibrinogen  is  found  in  the  blood-plasma,  while  the  other 
two  substances  are,  for  the  most  part,  found  in  the  white  cori 

When  the  latter  break  down  these  substances  are  set  free* 
and  are  able  to  act  upon  the  fibrinogen  and  form  fibrin.  The 
increased  amount  of  fibrin  seen  in  the  coagulum  and  in  the  exuda- 
tions must  be  ascribed,  therefore,  to  the  increased  number  of  \vl 
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corpuscles  circulating  in  the  blood  and  finding  their  way  into  the 

\  of  inflamed  parts. 
There  is  now  to  be  considered  the  action  of  the  tissues  of  the 
inflamed  part.     Before  Cohnheim's  and  Recklinghausen's  investi- 

B  the  increased  number  of  cells  found  £&  inflamed  tissues 

ipposed  to  be  due  to  a  proliferation  or  a  multiplication  of 
the  cells  of  the  part.  This  was  the  view  of  Virchow,  who  showed 
that  the  tissue-cells  are  placed  in  a  condition  of  increased  activity 
inflammatory  irritant,  and  consequently  attract  to  them- 
selves nutriment  in  unusual  quantity  for  their  growth  and  multi- 
plication. The  vascular  changes  in  inflammation  he  regarded  as 
the  result  of  this  increased  activity  of  the  cells. 

In  connective  tissue  there  exist  two  principal  varieties  of  cells 
-the  fixed  and  the  wandering  cells:  the  former  are  stellate  or 
fusiform,  and  lie  hidden 
among  the  fibres  which 
constitute  the  principal 
portion  of  the  intercellular 
substance.  In  addition  to 
these  there  are  the  small 
round  cells,  containing  one 
or  mare  nuclei  and  a  gran- 
ular protoplasm,  in  all  re- 
spects resembling  the  white 
corpuscles  of  the  blood.  It 
was  Recklinghausen  who 
(list     recognized      their 

power  to  take  on  changes  of  shape,  such  as  are  characteristic 
of  the  amoeba,  and  by  this  amoeboid  movement  (Fig,  25) 
to  change  their  location.  These  cells,  described  by  him  as 
Tendering  cells,  are  constantly  moving  through  the  meshes  or 
lymph-spaces  of  the  tissues,  entering  them  from  the  vascular 
system  and  escaping  through  the  lymphatics,  keeping  up  in  this 

constant  circulation.     In  the  normal  tissues  they  are  few  in 
number,  and  are  seen  and  studied  only  after  careful  methods  of 

cation,  but  when  the  tissues  are  irritated  or  inflamed  they  arc- 
found  there  in  large  numbers,  and  their  presence  is  accounted  for 
in  the  way  which  has  already  been  described  when  studying  the 
of  the  vessels  in   inflammation.     In  consequence  of  these 
observations  Cohnhei  in  assumed  that  the  old  theory  of  cell-prolifera- 

"tild  have  to  be  abandoned  in  favor  of  the  migration  theory. 
He  endeavored  to  show  that  the  fixed  cells  of  the  part  underwent 
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no  active  change  during  the  inflammatory  process,  and  for  this 
purpose  made  a  series  of  investigations  upon  the  cornea,  a  form  of 
tissue  simple  in  composition  and  convenient  for  study,  owing  to  its 
great  transparency.      The  cornea  when  examined  fresh  in  a  drop 
of  aqueous  humor  is  seen  to  be  absolutely  transparent,   and   no 
structure  can  be  distinguished,   but  when  treated  with  a  sulutiun 
of  chloride  of  gold  a  beautiful  network  of  large  stellate  anastoi 
ing  cells  is  seen  lying  in  a  transparent  intercellular  substance.     If, 
however,  the  cornea  be  treated  with  a  solution  of  nitrate  of  Silver, 
the  cells  appear  as  a  branched  system  of  canals  anastomosing  in  a 
dark  background.      Such  pictures  as  these  suggest  the  presence  of 
spaces  through  which  it  would  be  possible  for  wandering  cells  to 
migrate.     It  will  be  well  to  devote  a  moment  to  the  consideration 
of  these  experiments,   as   the  results  obtained  by  Cohnheim  1; 
been  the  object  of  much  discussion  and  dispute.     They  were,  in 
brief,   as   follows;   A   ligature   is   drawn   through    the   bulb   of  a 
rabbit's  eye,  and  opacity  of  the  cornea  is  seen  in  twenty-four  hours, 
in  frogs  in  from  two  to  six  days.     Later,  the  cornea  becomes  milk- 
white  or  grayish  or  yellowish- white,  and  thicker  and  somewhat 
softer  than  in  the  normal  condition.     This  opacity  is  due  to  leuco- 
cytes.    On  removing  the  cornea  before  the  opacity  is  too  great, 
and   putting   it   into  a   neutral   solution   on   an   object-glass  and 
examining  it  with  a  high  power,  the  leucocytes  are  seen  in  all 
shapes,  and  also  the  corneal  cells  with  their  characteristic  prolon- 
gations.    The  leucocytes  may  be  seen  moving  about  independently 
of  these  cells,  and  generally  obscuring  them.     If,  however,    the 
cornea  is  treated  with  chloride  of  gold,  the  corneal  cells  are  seen 
unchanged.     Such  changes  as  have   been  observed   in   them   by 
others  Cohnheim  regards  as  degenerative  only  in  nature.     There  is 
I  granular  condition  of  the  protoplasm,  a  retraction  of  the  prolon- 
gations,   and   the   formation   of   vacuoles.     If  the   centre   of  the 
cornea  of  a  winter  frog  is  touched   with   a  pencil  of  nitrate  of 
si  her,  at  the  end  of  twenty-four  hours  an  opaque  streak  is  seem 
projecting  from  the  margin  of  the  cornea  in  one  or  two  pl.i 
generally  from  the  upper  and  lower  margins,  at  which  point  more 
or  less  hy perse m ia  of  the  vessels  is  seen  to  exist.     These  opacities 
reach  the  cauterized  point  on  the  third  day,  and  by  the  sixth 
the  opacity  has  localized  itself  around  the  cauterized  point,  while 
the   surrounding  cornea    is    clear.      Under    the    microscope   the 
corneal  corpuscles  were  found  by  Cohnheim  in  all  cases  to  remain 
unchanged,    the   opacity   being    due    to    the    presence    of    large  • 
numbers  of  leucocytes, 


One  of  the  peculiarities  of  the  leucocyte,  about  which  more  will 

said  later,  is  its  power  to  appropriate  foreign  substances,  which 

thus  become  imprisoned  in  its  protoplasm.    Cohnheim  undertook  to 

prove  that  the  new  cells  seen  in  the  cornea  were  identical  with  the 

\eucocytes,  by  injecting  granules  of  carmine  or  aniline  blue,  held 

in  suspension,  into  the  lymph-sacs  and  blood-vessels  of  the  frog> 

and  subsequently   producing  a   keratitis.     In   such   an    inflamed 

cornea  many  of  the  new  cells  are  found  to  contain  these  granules, 

which  are   not  seen   in   uninftamed   tissues.     These   views,    first 

propounded  by  Cohnheim  in  1S67,  produced  a  profound  sensation, 

ring  as   they  did  very  materially  the    then   existing  ideas  of 

cellular  pathology.     It  is  needless  to  say  that  they  met  with  active 

opposition    from    many    quarters,    but    by    no   one    were    they    so 

rmisly  opposed  as  by  Strieker  of  Vienna.     This  observer  not 

only  maintained  the  old  theory  of  "proliferation,"  but  developed 

it  still  further  and  evolved  his  theory  of  *l  tissue-metamorphosis," 

which,  in  brief,   is  that   not   only  the  cells,  but  also  the  entire 

tissue,  returns    to    an    embryonic    condition   and   separates   into 

amceboid  masses;  in  other  words,  that  the  intercellular  substance 

as  well  as  the  cells  may  take  part  in  the  formation  of  new  cells  in 

inflammation. 

Many   other  observers  also   undertook   to  show   that   the  fixed 

cells  were  capable  of  proliferation,  and  the  cornea  was  selected  for 

purpose.     Burdon  Sanderson,  while  admitting  that  immigra- 

plays  an  important  part  in  keratitis,  pointed  out  that  changes 

in  the  stellate  cells  of  the  cornea  could  be  observed  if  studied  at 

an  earlier  stage  than  that  employed  by  Cohnheim.    Shakespeare  of 

Philadelphia  recognizes  four  different  kinds  of  cells  in  the  cornea. 

^es  show  pretty  conclusively  that  the  fixed  cells  are  active 

in  the  processes  of  destruction  and  repair.     He  goes  so  far  as  to 

that  slight  injuries  of  the  cornea  may  he  repaired  entirely  by 

these  cells   without   the   assistance  of  the  adjacent  blood- vessels 

otbeT  than  an  additional  supply  of  blood-plasma. 

Finally,  the  following  experiment  would  seem  to  leave  little 
doubt  that  the  corneal  cells  can  proliferate.  A  cornea  is  irritated 
ami  then  excised  and  preserved  in  a  moist  chamber;  in  two  or 
three  days  a  formation  of  wandering  cells  takes  place  at  the  point 
ntation ;  the  appearances  of  ordinary  keratitis  follow.  It  is 
fair  to  infer  that  these  cells  came  from  the  elements  of 
the  cornea  existing  there  at  the  time  of  irritation,  Recklinghau- 
sen states  that  changes  in  the  corneal  corpuscles  have  occurred 
under  the  eye  of  the  observer,  and  that  fragments  of  protoplasm 


separated    from   them    have   been   seen   to  go  through   the   same 
changes  of  form  as  wandering  cells. 

In  the  omentum  of  young  animals  there  is  a  very  simple  form 
of  epithelium  and  one  more  or  less  remote  from  blood-vessels.  If 
an  artificial  peritonitis  be  produced,  Cornil  and  Ranvier  have 
shown  that  an  active  proliferation  of  these  cells  will  be  seen  at  the 
end  of  twenty-four  hours.  In  the  writer's  own  studies  of  inflamed 
tissue  he  has  seen  undoubted  evidence  of  proliferation  of  the  fixed 
cells.  Some  beautiful  examples  of  this  were  observed  in  the  skin 
adjacent  to  a  carbuucular  inflammation.  In  the  inflammation  of 
the  walls  of  the  artery  of  a  horse,  produced  by  the  application  of  a 
ligature,  the  muscular  cells  of  the  media  were  seen  in  an  active 
state  of  proliferation.  Cohnheim  in  answer  to  observations  of  this 
kind  pointed  out  that  many  of  these  changes  seen  in  fixed  cells 
were  of  a  degenerative  character  and  preceded  the  final  destruction 
uf  the  cell. 

The  emigration  theory  still  continued  dominant,  however,  until 
Stm  i,    Flcmming,   and   others   demonstrated    the   changes 

seen  in  the  nucleus  known  as  karyokini  sis,  or  indirect  cell- 
divisioiij  which  they  observed  in  vegetable  cells,  in  the  tissues  of 
the  lower  animals,  and  afterward  in  the  normal  human  tissues, 
and  finally  also  under  pathological  conditions.  (See  page  218.)  This 
proved  conclusively  that  the  fixed  cells  did  not  play  a  passive  pan 
in  inflammatory  processes,  and  the  role  which  these  cells  played  in 
hypertrophy,  repair,  and  tumor-growth  (Fig  26)  was  shown  to  be  a 
more  prominent  one  than  had  hitherto  been  supposed. 

In  any  acute  inflammation  the  tissue-cells  break  down  in  larger 
numbers;    but    many    of    them,    according    to    Ziegler,    become 
wandering  cells,   and   are   difficult,  at   first,   to   distinguish   from 
leucocytes.     They  do  not  produce  any  pus-corpuscles,   but  event- 
ually play  a  prominent  part  in  the  process  of  repair. 

Several  forms  of  leucocytes  are  now  recognized  in  inflammatory 
tissue,  among  them  being  the  single  and  the  poly  nucleated.  The 
polynucleated  are  the  type  of  the  pus-corpuscle.  They  possess 
two  or  three  nuclei  or  peculiarly  deformed  biscuit  or  sickle-shaped 
nuclei,  which  are  supposed  to  be  appearances  which  precede  a 
king  down  of  the  cell  (Fig  24).  The  single-nucleated  cells 
are  scarce  iu  acute  inflammation,  but  in  the  later  stages  and  in 
chronic  forms  they  are  more  common. 

Many  of  the  wandering  cells  derived  from  connective-tissue 
cells  closely  resemble  the  single-nucleated  leucocytes,  and  cannot 
always  be  distinguished  from  them. 


Regarding  the  origin  of  many  of  the  cells  seen    in   inflamed 
tissues,  Grawitz  has  recently  propounded  a  theory  which  closely 
resembles  that  already  alluded  to  by  Stricken     He  claimed  that 
the  majority  of  these  cells  came  from  the  intercellular  substance. 
According  to  this  theory,  during  embryonic  development  numer- 
ous cells  change  into  intercellular  substance  and  remain  slumber- 
ing, |g it  were,  in  this  condition  until  some  irritation  arouses  them, 
when  they  return  again  to  an  active-cell  type.     This  means  that 
the  fibrous  tissue  of  connective  tissue,  the  homogeneous  tissue  in 
cartilage,  and  the  iutercellular  substance  in  bone  are  not  excretory 


& 


■6  —  KagftMnatia  in  the  Cells  of  a  Sarcoma. 

products  of  the  cells,  but  that  the  bodies  of  the  cells  are  actually 
changed  into  intercellular  substance. 

When  these  cells  begin  to  appear  the  nuclei  are  extremely 
small  and  the  cells  seem  to  have  no  protoplasm.  They  are 
arranged  in  rows,  and  are  so  deeply  situated  in  the  bundles  of 
fibres  that  one  must  conclude  that  they  have  originated  in  loco 
from  their  accustomed  quiescent  fibrous  state,  and  cannot  therefore 
have  been  transported  thither  by  emigration.  These  cells  are 
!tly  seen  in  numbers  when  there  is  no  sign  of  karyokinesis, 
indicating  that  the  pre-existing  cells  of  the  tissue  are  not  in  an 
active  state  of  development;  which  fact  goes  to  show  that  they  are 
not  derived  from  other  cells.  The  nuclei  gradually  enlarge,  and 
acquire  a   cell-body   that    forms    around    the    nucleus   from  -the 
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material  of  which  the  softening  fibre  is  composed.  When  a 
considerable  portion  of  the  intercellular  substance  has  changed  to 
cell-protoplasm  the  fibre  as  such  disappears,  and  it  is  replaced  by  a 
row  of  cells  lying  close  to  one  another.  These  cells  when  once 
formed  are  precisely  like  those  which  existed  before,  and,  like 
them,  are  capable  of  proliferation. 

Shakespeare,  whose  work  has  already  been  alluded  to,  regards 
the  flat  or  spindle-shaped  ceils  seen  in  the  primary  bundles  of  fibres 
in  the  cornea,  the  cartilage,  or  the  intima  of  vessels  as  cells  which 
are  usually  invisible  and  which  are  not  susceptible  to  staining 
processes.  These  cells,  he  thinks,  are  Grawitz's  slumbering  cells, 
Under  the  influence  of  irritation  these  cells  are  aroused  to  activity, 
and  appear  to  acquire  their  original  power  both  to  destroy  and  to 
repair.  Weigert  vigorously  opposes  this  idea  of  slumbering  cells. 
The  fibres,  he  says,  are  absorbed,  being  damaged  or  dead,  and  cells 
appear  where  they  were  before.  The  new  cells  come  from  the  pro- 
liferation of  the  pre-existing  cells.  The  absence  of  the  sign- 
mitosis,  or  indirect  cell-division,  is  no  argument  against  their 
origin  from  the  cells  of  the  part>  as  this  form  of  division  is  chiefly 
confined  to  cells  that  are  intended  as  permanent  cells. 

What  are  the  functions  of  the  leucocytes?  and  why  do  they 
crowd  in  such  numbers  to  the  inflamed  part?  Cohnheim  regarded 
them  as  the  active  agents  in  the  process  of  repair,  but  according  to 
Ziegler  many  of  them  are  taken  up  by  the  proliferating  connec- 
tive-tissue cells,  for  which  they  appear  to  serve  as  nutriment. 
M;my  of  these  mobile  cells  appear  to  play  the  r61e  of  scaveng 
owing  to  the  power  possessed  by  them  of  appropriating  particles 
of  foreign  bodies  or  bacteria  and  transporting  them  to  distant 
points.  The  usefulness  of  the  leucocytes  in  consuming  and 
receiving  portions  of  the  broken-down  tissue  can  easily  be  under- 
stood, for  there  is  here  touched  the  principle  of  absorption,  by 
means  of  which  dead  substances,  blood-clots,  and  exudations  are 
disposed  of. 

A  new  view  of  the  function  of  these  cells  seen  in  inflamed 
tissue  has  been  propounded  by  Metschnikoff,  whose  first  studies  on 
the  action  of  the  daphnia  when  attacked  by  the  spores  preying 
upon  that  organism  formed  the  basis  of  his  doctrine;  which  is,  in 
brief,  that  the  cells  of  the  inflamed  part  and  the  invading  organ- 
isms are  opposed  to  one  another  in  a  struggle  for  existence.  If  the 
white  corpuscles,  or  the  phagocytes^  are  enabled  to  appropriate  and 
to  destroy  the  bacteria  with  which  they  come  in  contact,  the 
system  is  protected  from  the  germ;  if,  however,  the  bacteria  are 


more  powerful  than  the  cells,  a  destructive  local  inflammation  or  a 
constitutional  disease  may  result.  MetschnikofF  describes  two 
kinds  of  phagocytes — the  micropkagocyte  and  the  macrophage 
The  former  corresponds  to  the  migrating  leucocyte,  and  the  latter 
ate  larger  cells  developed  from  the  proliferated  fixed  couneetive- 
lissue  corpuscles,  which  in  some  cases  consume  the  smaller  cells 
after  their  struggle  with  the  bacteria,  thus  removing  the  debris  of 
the  inflammatory  struggle  and  paving  the  way  for  an  absorption 
of  its  products.  In  other  cases  they  attack  the  bacteria  directh  : 
thev  are,  for  instance,  more  likely  to  take  up  bacilli,  as  in  anthrax 
and  leprosy.  In  tubercle  the  niacrophagocytes  figure  as  epithelioid 
cells  and  giant-cells  containing  bacilli,  but  these  organisms  are 
seen  also  in  the  leucocytes. 

This  doctrine  is  well  illustrated  by  studies  made  by  its  author 
in  erysipelas.  He  finds  that  in  fatal  cases  of  this  disease  only 
comparatively  few  leucocytes  were  seen,  and  none  containing 
bacteria.  In  the  cases  recorded  some  of  the  cells  contained  a  large 
number  of  the  bacteria;  other  cells  contained  none.  In  some  of 
the  former  there  were  perfectly- formed  bacteria;  in  others  the 
■rin  did  not  take  the  staining  reagent  so  well,  showing  a 
degeneration  of  power;  and  in  others  granular  debris  only  of 
bacteria  was  found.  In  gangrenous  portions  of  erysipelatous 
tissue  no  cells  containing  bacteria  were  seen,  the  microbes  all 
being  free  in  the  tissues. 

Experiments  made  with  the  anthrax  bacillus  on  animals  not 
susceptible  to  this  disease  show  well  the  action  of  the  leucocytes, 
as  this  form  of  bacteria  is  so  large  that  the  organisms  are  studied 
with  comparative  ease. 

■me  diseases  the  macrophagocytes  appear  to  be  the  active 
cells;  in  others  the  microphagocytes  destroy  the  bacteria.  Many 
observers  have  not  accepted  this  doctrine,  and  they  maintain  that 
the  loss  of  activity  of  the  bacteria  is  either  a  spontaneous  loss  or 
one  due  to  the  antagonism  of  other  forms  of  bacteria.  Baumgarten 
points  out  that  in  relapsing  fever  the  spirilli  are  not  seen  in  the 
leucocytes,  yet  the  patient  recovers.  The  explanation  of  this  is, 
probably,  that  the  strife  is  not  waged  in  this  case  in  the  blood,  but 
a  the  tissues  or  the  viscera,  as  the  spleen.  At  all  events,  there  is 
seen,  in  this  doctrine,  although  it  is  as  yet  hardly  removed  from 
the  stage  of  probability,  a  reasonable  explanation  of  that  condition 
known  as  immnuitw  by  means  of  which  certain  animals  are  pro- 
tected from  certain  diseases,  and  by  which  man  is  also  protected 
n  a  second  attack  of  certain  diseases. 
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A  word  in  conclusion  regarding  the  action  of  the  cells  in 
inflammation.  The  number  of  cells  found  in  an  inflamed  part  is 
in  proportion  to  the  degree  of  inflammation  existing  there.  If,  on 
the  one  hand,  the  inflammation  has  been  severe,  the  tissues  will  be 
found  so  filled  with  small  round  cells  tii.it  it  is  difficult  Co  recog- 
nize the  original  character  of  the  tissue  itself.  If,  on  the  other 
hand,  the  degree  of  irritation  has  been  slight,  as  is  often  the  case 
in  wounds  healing  rapidly  under  aseptic  treatment,  a  compara- 
tively small  increase  in  the  number  of  cells  of  the  part  takes 
place. 

Little  has  hitherto  been  said  about  the  changes  seen  in  the 
intercellular  substance.  In  connective  tissues  this  substance  con- 
sists mainly  of  a  network  of  fibres.  In  certain  tissues,  like  carti- 
lage or  the  cornea,  this  substance  is  more  homogeneous  in  appear- 
ance, although  with  suitable  reagents  the  fibrous  nature  is  made 
apparent.  Under  the  stimulus  of  inflammation  there  is  great 
increase  in  the  number  of  cells  which  more  or  less  obscure  the 
intercellular  substance;  but  it  is  evident  that  a  solvent  action  is 
exerted  upon  it,  either  by  the  cells  that  are  present  or  by  the  fluid 
which  is  exuded  from  the  blood-vessels,  or  by  both.  According  to 
Strieker,  the  cellular  substance  returns  to  an  embryonic  state  and 
becomes  separated  into  particles  of  amoeboid  substances;  in  other 
words,  it  is  broken  up  into  cells  again.  According  to  most 
authorities,  it  is,  however,  simply  melted  down  into  a  granular 
softened  material,  forming  a  matrix  for  the  support  of  the  vastly 
increased  number  of  cells.  When  the  cell-immigration  is  limited 
in  extent  there  is  seen  but  little  change  in  the  intercellular 
substance. 

In  addition  to  the  escape  of  leucocytes  from  the  blood-vessels, 
there  is  found  a  certain  amount  of  fluid  which  has  leaked  through 
the  vessel -walls  into  the  inflamed  part.  This  fluid  is  richer  iu 
albumin  and  is  more  concentrated  than  the  serum  exuded  in 
passive  hypersemia,  and  it  resembles  closely  the  liquor  sangu 
or  blood-plasma.  The  fibrinogen  it  contains  comes  in  contact 
with  the  fibrin-ferment  and  paraglobulin  which  are  set  free  from 
the  numerous  breaking-down  leucocytes,  and  fibrin  is  conse- 
quently formed.  That  this  collection  of  fluid  is  not  due  to  an 
obstruction  of  the  capillaries  can  easily  be  demonstrated  in  a  dog*s 
leg  by  setting  up  an  inflammation  in  the  paw,  exposing  the 
lymph-vessel,  and  inserting  a  canula  into  it,  when  it  will  be  seen 
that  a  considerable  increase  iu  the  amount  of  lymph  naturally 
exuded   by  the  vessels  is  taking  place.     The  coagulation  of  the 
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lymph  thus  accumulated  in  the  inflamed  part  gives. to  it  a  certain 
firmness  which  is  characteristic  The  product  thus  formed,  with 
the  cells  which  have  emigrated  from  the  blood-vessels,  constitutes 
what  is  known  as  the  exudation. 

Such,  then,  are  the  changes  which  take  place  in  the  tissues 
during  the  origin  and  development  of  a  simple  or  uncomplicated 
inflammation.  The  further  progress  of  the  inflammatory  process 
will  be  considered  in  the  succeeding  chapter. 


Four  cardinal  symptoms  of  inflammation  have  from  time 
immemorial  been  grouped  together — namely,  rubor,  tumor,  dolory 
and  color,  or  redness,  swelling,  pain,  and  heat— to  which  modern 
writers  have  added  a  fifth,  functio  lasa,  or  disturbed  function. 

In  a  typical  case  of  inflammation — as»  for  instance,  an  acute 
cellulitis  of  the  ami  of  a  powerful  laboring-man — these  symptoms 
are  all  apparent  even  to  the  most  inexpert  observer.  The  scarlet 
redness  of  the  skin;  the  great  distention  of  the  subcutaneous 
tissue,  forming  a  diffused  and  tense  swelling,  pressure  upon  which 
shows  rapid  changes  of  color,  as  the  temporary  bleaching  of  the 
part  is  followed  by  a  hue  deeper  than  before;  the  exclamation  of 
pain  which  even  careful  handling  elicits  from  the  patient;  the 
greatly  increased  warmth  of  the  arm  as  compared  with  that  of 
its  fellow;  together  with  the  complete  loss  of  power  of  the 
diseased  limb, — all  combine  to  form  a  characteristic  picture  of 
disease. 

The  rubor,  or  redness,  is  due  to  the  increased  determination  of 
blood  to  the  part.  It  differs  from  the  color  of  hyperemia  prin- 
cipally in  the  variability  of  its  hue.  This  change  is  partly  due  to 
varying  rapidity  of  the  blood-flow.  When  the  congestion  is  at  its 
height  the  color  is  scarlet,  and  the  blood,  when  drawn  by  leeches 
or  when  allowed  to  flow  from  an  incision,  is  of  a  bright  arterial 

§  color,  and  it  is  more  rapid  than  normal.  The  tint  deepens  as  the 
current  slackens,  and  as  the  blood-column,  moving  slower,  loses 
more  of  its  oxygen.  In  very  severe  forms  of  inflammation,  when 
the  swelling  is  excessive  and  the  parts  are  unusually  tense  and 
the  capillaries  are  crowded  with  red  corpuscles,  there  may  be 
an  escape  of  red  corpuscles  with  the  leucocytes  through  the 
walls  of  the  vessels,  and  in  such  cases  they  are  usually  collected 
together  in  little  groups,  forming  what  are  known  as  pumti/'orm 
ccchymoses.  This  is  the  explanation  of  the  so-called  "hemor- 
rhagic" forms  of  inflammation,  such  as  are  seen  in  the  erup- 
tions of  some  of  the  severe  types  of  exanthemata,  as  smallpox 
and  measles, 
no 


Usually  the  color  is  brighter  at  the  periphery  of  an  inflamma- 
■ry  swelling,  and  deepens  toward  the  centre,  where  the  current  is 
more  impeded  in  its  action.     As  the  blood  flows  more  slowly  it  has 
the  more  livid  or  bluish  hue  seen  at  the  termination  of  an  inflam- 
mation when  it  passes  from  the  acute  into  the  chronic  stage.     The 
presence  of  an  abundant  exudation  diminishes  the  intensity  of  the 
color,  as  the  blood-vessels  are  then  surrounded  by  a  more  or  less 
colorless  fluid  or  a  semi-solid  mass.     If  firm  pressure  be  made  upon 
:  a  spot,  the  part  will  assume  a  somewhat  yellowish  tinge,  due 
to  the  presence  of  the   exudation.     This  appearance,   which   is 
characteristic  in  acute  inflammations  of  the  skin,  enables  one  to 
distinguish  between  a  genuine  inflammation  in  its  incipient  stage 
and  the    temporary    blush    due    to    pressure    or    to   stimulating 
dressings. 

The  color  of  an  inflamed  mucous  membrane  is  much  deeper 
than  that  of  the  skin,  and  is  obviously  due  to  the  close  proximity 
of  the  blood-vessels  to  the  surface.  The  color  is  altogether  absent, 
however,  in  bloodless  parts,  as  in  the  cornea  or  the  cartilage.  In 
the  latter  cases,  however,  there  is  usually  found  congestion  in  the 
adjoining  vascular  tissues.  A  foreign  body  in  the  cornea  will  soon 
make  its  presence  suspected  by  congestion  of  the  vessels  of  the 
conjunctiva.  The  inflammation  of  the  cartilage  of  a  joint  is 
accompanied  by  congestion  of  the  vessels  of  the  capsule  of  the 
joint,  and  sometimes  even  of  the  external   integuments. 

The  tumor \   or  swelling,    the   second   symptom,   will   now   be 
considered.     It  might  be  supposed  that  swelling  was  due  to  the 
same  cause  which  produced   the  redness — namely,   increased  flow 
of  blood  to  the  part — but  in  active  hyperemia  there  is  no  swell- 
ing, and  in  passive  hyperemia  the  swelling  is  due,   not  to  the 
increased  current  of  blood  in  the  part,  but  to  dropsical  effusion. 
It  bb  incision  is  made  into  an  inflamed  organ,  it  will  not  only 
be  found  that  more  blood  flows,  but  also  that  the  tissues  them- 
selves are   more   juicy.     If   an    inflamed    mucous  membrane   is 
examined,  there  will  be  found,  at  certain  stages,  an  increased  and 
red  secretion.     In  an  inflamed  pleural  cavity  a  clear  or  slightly 
tfjufi  fluid,    containing   colorless   coagula,   is   observed.       Even 
tation  of  the  skin,  as  in   burning,  will  show  that  here  too  more 
iph  is  formed,    which    collects    on    the   surface   beneath   the 
epidermis  in  the  shape  of  blisters. 

The  exudation  not  only  shows  itself  as  altered  secretion  exud- 
ing from  mucous  membranes  or  as  effusion  into  serous  and  syno* 
1  sacs,  but  a  certain  amount  is  retained  also  in  the  tissue  itself, 
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as  in  the  capsule  of  the  joint  or  in  the  mucous  membrane  of  the 
throat,  and  produces  swelling.  The  delicate  areolar  tissue  of  the 
eyelids  or  of  the  prepuce  is  often  the  seat  of  distention  sufficiently 
great  to  cause  alarm  to  the  patient.  Such  tissues  often  swell 
when  the  seat  of  the  inflammation  is  in  an  adjoining  structure, 
such  as  the  conjunctiva  or  the  urethra.  Dense  organs  when 
inflamed  sometimes  cause  considerable  collections  of  fluid  in  their 
vicinity.  A  portion  of  the  "tumor"  formed  in  ,4swel' 
testicle"  is  due  to  effusion  into  the  tunica  vaginalis.  The 
swelling  of  the  soft  parts  of  a  thigh,  when  the  subject  of  an  m 
osteomyelitis  of  the  femur,  is  due  to  the  excessive  exudation 
the  areolar  tissue.  Such  unusual  collections  of  lymph,  manifestly 
of  a  fluid  character,  accompanying  severe  inflammations,  are 
kno  vv 1 1   as  collateral  wdema. 

Soft  and  spongy  organs,  when  inflamed,  however,  become 
firmer.  This  fact  is  well  illustrated  by  pneumonia,  when  the 
exudation,  coagulatiug  in  the  alveoli  of  the  lung,  gives  it  the 
consistency  of  the  liver,  the  exudation  being  known  as  hepatiza- 
tion. Many  of  the  forms  of  cellulitis  are  made  manifest  to  the 
touch  by  the  induration  which  the  coagulated  exudation  produces. 
The  outlines  of  such  an  inflammation  are  easily  determined  by 
gently  holding  the  inflamed  mass  between  the  thumb  and  finger. 
and  moving  it  to  and  fro.  The  contrast  with  the  surrounding 
flexible  tissues  is  thus  made  apparent,  and  the  "cake-like"  hard- 
ening is  a  familiar  condition,  and  a  symptom  often  of  value  to  the 
surgeon  in  diagnosis.  A  certain  portion  of  such  a  swelling  is 
possibly  due  to  the  proliferation  of  the  cells  of  the  part  and  to  the 
formation  of  new  vessels  during  the  process  of  repair,  but  it  is  now 
known  that  much  less  swelling  accompanies  healing  under  strict 
aseptic  conditions,  and  that  the  elements  immediately  involved  in 
the  reparative  changes  are  not  sufficiently  bulky  to  cause  an  appre- 
ciable amount  of  swelling.  This  symptom  in  some  cases  m.i\ , 
indeed,  be  absent  entirely,  as  in  dense  organs  incapable  of  sudden 
changes  or  in  organs  so  liberally  supplied  with  lymphatics  that  the 
exudation  may  be  absorbed  almost  as  rapidly  as  it  accumulates. 
Such  is  the  case  in  many  of  the  exanthematous  inflammations  of 
the  skin. 

As  has  already  been  seen,  the  exudation  consists  of  an  unu- 
sually  large  formation  of  lymph,  a  fluid   of  high   specific  gra\  h\ 
and  containing  a  considerable  quantity  of  albumin,  and  als.  i 
accumulation  of  leucocytes  which  have  emigrated  from  the  blood- 
vessels.     This  material,  when  poured  into  the  meshes  of  a  t; 
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an   organ,   soon    forms  fibrin    by  coagulation,   and   imparts  a 
rtaiu  hardness  or  induration  to  the  inflamed  tissue. 
The  cause  of  this  symptom  of  inflammation  has  been  the  sub- 
of  much  dispute.     Why,  under  these  circumstances,  the  blood- 
Is  should  act  so  differently  than  in  their  normal  condition  is 
not  easily  explained.     It  is  clear  that  there  is  greater  permeability 
te  walls  of  the  capillaries  and  small  veins.     This  has  bees 
explained  by  assuming  the  formation  of  little  holes  or  "stomata" 
between  the  endothelial  cells  lining  these  delicate  tubes;  and  this 
hypothesis  has  the  sanction  still  of  some  of  the  highest  authorities. 
Cohnheim  attributes  alterations  of  function  to  molecular  change 
in  the  wall,  or,  as  Sanderson  expressed  it,  there  is  a  damaged  con- 
dition of  the  vessel  which  causes  it  to  leak.     Landerer  with  much 
plausibility  points  out   that   there   is   more   tension  in  the  tissues 
supporting  the  capillaries  than  is  usually  supposed,  as  can  easily 
be  demonstrated  by  injecting  fluids  subcutaneous!}*.     It  is  found 
by  experiment  to  be  greater  than  in  the  veins  and  lymphatics. 
Clinically,  the  great  distensibility  of  the  fibres  is  seen  also  during 
the  formation  of  an  abscess,  and   their  relaxation  is  observed  after 
has  been  evacuated,  as  shown  by  the  wrinkled  appearance  of 
the  skin.     It  is  by  such  support  as  this  tissue  gives  that  the  iuteg- 
of  the  capillaries  is  preserved  in  health.     The  tissues,  being 
relaxed  by  the  inflammatory  condition,  permit  the  passage  of  the 
exudation  through   the  walls  of  the  vessels. 

A  sort  of  flooding  of  the  tissues  is  produced  by  this  process,  and 
pretty  generally  agreed   that  this   phenomenon   has   for  its 
object  the  sweeping   away  of   all   injurious   substances,   whether 
chemical  poisons,  fragments  of  dead  and  injured  tissue,  or  bacteria, 
and  at  the  same   time  new  materials  are  conveyed  to  facilitate  the 
process  of  repair.     The  powers  peculiar  to  the  leucocytes  or  pha- 
gocytes when  performing  this  duty,  which   enable  them  to  act  as 
scavengers  and  appropriate  foreign  particles  and  fragments  of  cells 
or  tissue  or  injurious  organisms  of  every  kind,  and  the  antiseptic 
properties  of  blood-serum,   favor  this  view.      The   cures  of  many 
diseased  conditions  by  inducing  an  acute  inflammation,  the 
at  of   hydrocele  by  the   injection  of  carbolic  acid,  or  the 
ration  of  a  chronic  eczema  by  applications  which  produce  a 
frrsh  inflammation,  are  all  clinical  illustrations  of  this  protective 
influence  of  one  of  the  apparently   most  alarming  symptoms  of 
inflammation.     When,   after  an  excessive   inflammatory  reaction, 
great  swell'-  flowed  by  suppuration,  it  is  seen   that   the  old 

idea  of  a  "peccant  humor"   rests  on  a  scientific  basis,  and  in  the 
l 
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discharged  contents  of  the  abscess  are    found  the  remnants  of  the 
injurious  substances  which  gave  rise  to  the  inflammation. 

The  dolor  y  or  pain,  is  due  to  the  pressure  in  the  terminal 
branches  of  the  nerves,  and  consequently  it  differs  greatly  accord- 
ing to  the  distensibility  of  the  part  or  to  the  amount  of  exudation 
or  to  the  nerve-supply.  The  inability  of  certain  tissues  to  yield  to 
the  inflammatory  swelling  probably  is  the  cause  of  the  most  severe 
pain.  The  suffering  produced  by  an  "ulcerated"  tooth  when 
deep-seated  pus  is  endeavoring  to  reach  the  surface  of  the  bone, 
and  the  pain  from  pressure  caused  by  a  felon,  are  sufficiently 
familiar  examples. 

Pain  is  usually  most  severe  at  the  beginning  of  an  inflammation, 
while  the  tissues  are  in  process  of  being  stretched,  or  when  the 
exudation  takes  place  so  rapidly  that  the  tissues  have  no  opportu- 
nity to  yield  gradually.  It  is  possible  that  there  may  in  some  cases 
be  an  undue  sensitiveness  of  the  nerves.  Hyperesthesia  was. 
observed  by  Claude  Bernard  in  the  ear  of  a  rabbit  after  division  of 
the  cervical  sympathetic. 

The  throbbing  sensation  which  so  often  accompanies  acute 
inflammation  may  be  due  to  the  extra  pressure  exerted  by  the 
arterioles  during  systole  upon  the  sensitive  nerve-fibrils.  Boring 
pains  are  usually  associated  with  chronic  inflammations  of  bone, 
and  are  at  times  a  source  of  great  misery  to  the  patient.  Lanci- 
nating pains,  which  accompany  more  acute  swellings,  are  suggest- 
ive of  an  abscess  approaching  the  moment  of  breaking  and 
discharging  its  contents. 

Among  some  of  the  less  severe  forms  of  pain  may  be  included 
soreness,  generally  characteristic  of  the  furuncle.  The  soreness 
of  a  boil  is  proverbial.  It  means  the  formation  of  a  small  abscess- 
cavity  in  a  yielding  but  superficially  sensitive  organ.  It  is 
proverbial  also  that  itching  is  considered  a  good  sign;  whir 
undoubtedly  true,  for  when  pain  ceases  the  inflamination  is 
probably  subsiding,  and  this  symptom  of  itching  is  due  to  the 
infiltration  of  the  parts  about  the  terminal  nerve-branches.  The 
itching  will  not  disappear  until  this  residue  of  inflammatory 
products  has  been  absorbed.  Some  portions  of  the  body  are  much 
more  sensitive  than  others.  An  inflammation  seated  at  one  of  the 
outlets  of  the  body  where  the  skin  and  mucous  membrane  join  is 
always  productive  of  great  suffering.  Painful  affections  of  certain 
organs  are  often  referred  to  distant  points.  Pain  in  the  uterus  is 
felt  in  the  back,  but  pain  in  the  back,  due  to  caries  of  the 
vertebra,   is  usually  referred  to  the  belly.     In  many  cases  of  hi 


sease  the  pain  is  felt  iu  the  knee.     Pain  in   the  heel  has  been 
scribed  as  characteristic  of  a  variety  of  diseases.     It  has  been 
known  to  accompany  inflammation  of  so  distant  an  organ  as  the 
ate  gland. 

I  will  often  spread  back  along  the  course  of  a  nerve,  as  if 

-ympathy,   to  adjacent   branches.     The   pain   of  an   inflamed 

6nger  may  not  only  involve  the  fingers  of  the  hand,  but  may 

id  also  to  the  shoulder  and  side.     The  teeth  likewise  furnish 

familiar    examples    of    such    anastomoses    of   pain.       Pain   may 

altogether  be  wanting.     This  absence  of  pain  is  the  case  in  some 

nerveless  organs,  also  in  grave  inflammation  when  the  severity  of 

the  inflammation  endangers  the  vitality  of  the  part. 

The  calorx   or  heat,  is  the  last  of  the  four  cardinal  symptoms. 
The  increased  warmth  of  an  inflamed  spot  on  the  surface  of  the 
body  is  readily  recognized  by  the   hand   of  the  surgeon,  and  a 
m  with  the  corresponding  spot  on  the  other  side  of  the 
thus  easily  made.    The  old-fashioned  theory  regarding  this 
m   undertook    to  explain  this   rise  of  temperature   by  as- 
suming an  increased  chemical  action  in  the  part  itself,  by  which 
action  heat  was  produced,  and  that  subsequently  the  superheated 
blood,  being    conveyed    over    the    body,    produced   fever.      But 
HunUr,  who  was  the  first  to  make  thermometric  observations  on 
Ant,  came  to  the  conclusion  that  a  local  inflammation  was 
unable  to  raise  the  temperature  of  the  part  above  that  found  at  the 
source  of  the  circulation. 

Hunter's  experiment,  which  has  been  quoted  by  many  writers, 
was  upon  a  patient  on  whom  the  operation  for  the  Tadical  cure  of 
hydrocele  had  been  performed.  On  opening  the  tunica  vaginalis 
be  placed  a  thermometer  in  the  wound,  and  found  the  instrument 
registered  92^;  the  next  day  the  mercury  in  the  instrument,  intro- 
duced as  before,  rose  to  98^°,  being  an  increase  of  6^°  in  the 
twenty-four  hours. 

Recent  investigators  endeavored  to  show  that  the  inflamed 
part  produced  heat.  John  Simon  found  with  the  thermo-elec- 
tric needle,  first,  that  "the  arterial  blood  supplied  to  an  inflamed 
limb  was  I  rm  than  the  focus  of  inflammation  itself;"  sec- 

ondly, u  that  the  venous  blood  returning  from  the  inflamed  limb, 
h  less  warm  than  the  focus  of  inflammation,  is  wanner 
than  the  arterial  blood  supplied  to  the.  limb;"  and,  thirdly, 
"Hilt  the  venous  blood  returning  from  an  inflamed  limb  is 
warmer  than  the  corresponding  current  on  the  opposite  side  of 
the  body."     These  observations,   which   were  put  forward  some 
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twenty-five  years  ago,  were  later  confirmed  by  C.  O.  Wel>er,  an  able 
German  observer. 

Claude  Bernard,  the  distinguished  French  physiologist,  found 
in  his  classical  experiments  on  the  ear  of  a  rabbit  after  division 
of  the  cervical  sympathetic,  that  the  temperature  of  the  ear 
became  higher  than  that  of  the  rectum,  and  Weber  found  that  if 
the  ear  was  irritated  so  as  to  produce  a  simultaneous  inflammation 
the  temperature  would  rise  still  higher. 

As  already  seen,  however — and,  indeed,  as  the  experiment  just 
quoted  proves — simple  active  hyperemia  of  an  external  organ  is 
always  accompanied  by  a  rise  of  temperature  of  the  part,  and  this 
rise  is  due  to  the  increased  amount  of  warm  blood  which  is  carried 
there  from  the  centre  of  the  body.  Observations  on  the  tempera- 
ture of  the  different  tissues  and  organs  show  that  the  production 
of  heat  originates  chiefly  in  the  muscles,  and  to  a  slight  extent 
also  in  the  viscera;  but,  although  much  heat  is  manufactured  near 
the  surface,  the  more  external  portions  of  the  body  by  exposure  to 
a  lower  temperature  and  by  evaporation  are  rendered  cooler  than, 
the  interna]  organs.  Cohuheim  has  experimentally  demonstrated 
that  much  more  blood  flows  through  the  inflamed  leg  of  a  dog* 
than  through  the  sound  leg,  and  concludes,  therefore,  that  the  rise 
of  temperature  is  due  solely  to  the  increased  amount  of  warm 
blood  flowing  through  the  part. 

More  perfect  forms  of  thermo-electric  apparatus  have  demon- 
strated also  that  although  there  is  a  considerable  difference  be- 
tween an  inflamed  spot  on  the  surface  of  an  animal  and  the 
corresponding  spot  on  the  other  side  of  the  body,  as  shown  by 
inserting  thermo-electric  needles  into  the  symmetrical  parts*  yet 
the  farther  the  inflamed  spot  is  situated  from  the  surface  the  less 
is  the  difference  found  in  the  temperature  of  the  two  sides.  In 
internal  inflammations,  such  as  pleurisy  or  peritonitis,  it  was 
found  that  the  temperature  is  no  higher  than  that  in  the  healthy 
pleura  or  in  the  peritoneum  or  in  the  heart  of  the  animal 
experimented  upon;  and  these  experiments  have  been  confirmed 
by  similar  observations  taken  in  deep-seated  inflammations  in 
man. 

The  highest  authorities  have  therefore  concluded  that  the  tem- 
perature of  an  inflamed  part  is  in  direct  proportion  to  the  amount 
of  hyperemia  of  the  part.  Recklinghausen  thinks  that  it  may  be 
possible  that  a  fractional  part  of  the  heat  may  be  produced  by 
chemical  changes  going  on  in  the  inflamed  tissues  or  by  increased 
oxidation   due   to  a  removal  of  nerve-influence,  but  there   is  yet  no 


proof  that  any  such  local  production  of  heat  takes  place.     Moder 

observations  have   therefore  been  unable  to  disprove  the  truth  of 

doctrine  which  Hunter  taught  a  century  ago. 

In  tnfiammfttio&s  of  certain  parts  of  the  body  it  is  obvious  that 

•ucreased  heat  will  be  wanting,  as  in  the  lung  or  the  kidney, 

and  it  is  only  in  superficial  tissues,  whose  temperature  is  habitually 

lower  than  that  of  the  blood,  that  it  is  most  marked.     The  process 

jogous  to  that  of  a  hot-water  radiator:  the  greater  the  amount 

i.i  water  of  a  given  temperature  flowing  through  the  pipe,   the 

greater  will   be  the  amount  of  heat  given  off ;  the  temperature  of 

the  radiator  will  never  be  quite  so  high  as  that  of  the  boiler. 

Tu  the  four  cardinal  symptoms  of  inflammation  above  described 
there  has  of  late  years  been  added  a  fifth,  which,  however,  might 
equally  well  be  regarded  as  a  result  rather  than  as  a  symptom  of 
the  inflammatory  process.  This  fifth  symptom  is  the  fututioltesa^ 
M  impaired  function  of  the  part. 

It  can  easily  be  understood  that  a  muscle  which  has  been  infil- 
trated with   an  inflammatory  exudation,  and  which  is  hot,  painful, 
and  swollen,  cannot  act  so  readily  as  a  healthy  muscle.     In  such  a 
the  muscle   is  found   spasmodically   contracted,    and   for   the 
time  being  no  relaxation  of  its  tissue  can  take  place.     The  sterno- 
istotd  muscle,  which  is  often  implicated  in  inflammations 
of  the  SDH  Winding  glands  and  cellular  tissue,  will  sometimes  cause 
considerable  deformity  by  twisting  the  head,  and  the  function  of 
the  muscle  will  not  be  restored  until  the  inflammation  has  subsided. 
After  fractures  near  joints  there  is  seen  great  impairment  of  the 
i'lusof  the  joints,  existing  long   after  the   bones   have  grown 
iher,  the  tendons  and  capsules  being  more  or  less  glued  down 
and  impaired  in  their  natural  movements  by  the  exudation  which 
has  taken  place  around  them  and  in  the  adjacent  muscular  tissue. 
the    mouth   accompanies  inflammation  of    the 
parotids.     The  special  seuses  are  all   impaired  when  the  organs 
concerned  in  their  function  are  inflamed  :  the  eye  cannot  see,  the 
cannot  detect  odors,  and  the  ear  cannot  hear  so  well  when 
inflamed  as  in  health.     Not  only  are  the  sensitive  nerves  pressed 
upon,  but  probably  also  those  which  conduct  reflex  actions,  and 
likewise  the  motor  and  secretory  nerves.     The  so-called  tl  trophic" 
actiou  of  the  nerves  is  sometimes  so  impaired  that  the  nutrition  of 
the  organ  is  seriously  affected,  and  atrophy  or  permanent  degenera- 
:  of  certain  structures  may  take  place. 

IS  been  seen,  each  symptom  of  inflammation  may  be  want- 
ing at  certain  times.     The  redness  will  not  be  observed  in  non- 
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vascular  organs.  The  swelling  will  often  be  absent  when  the 
absorbents  are  sufficiently  active  to  carry  off  quickly  the  exuded 
material,  and  there  will  be  no  material  change  in  the  temperature 
of  the  interior  organs ;  but  as  the  surgeon  ordinarily  sees  inflam- 
mation— that  is,  in  the  external  portions- — these  symptoms  are 
almost  invariably  present  in  acute  inflammations.  In  chronic 
inflammations — namely,  in  those  which  are  not  accompanied  by 
such  active  pathological  phenomena  as  have  been  studied,  and 
which  last  a  long  time — none  of  the  symptoms  are  so  well  marked 
as  they  are  in  the  acute  forms  ;  many  of  the  symptoms,  such  as 
heat,  redness,  and  even  pain,  may  altogether  be  wanting.  There 
will  always  be  found  a  certain  amount  of  swelling  or  "thick- 
ening" of  the  part,  or   "induration." 

Before  attempting  to  define  inflammation  it  is  well  to  have  an 
understanding  as  to  the  precise  seat  of  the  process.  As  been  seen, 
the  pathological  changes  are  confined  chiefly  to  the  blood-vessels 
and  to  the  tissues.  Virchow,  in  advancing  his  theory  of  cellular 
pathology,  maintained  that  inflammation  could  not  be  produced 
if  the  tissues  were  not  directly  irritated  either  from  without  <>r 
through  the  blood,  and  that  the  cells  were  thus  enabled  to  attract 
inflammatory  products  through  the  blood,  the  phenomena 
inflammation  being  thus  produced.  This  was  known  as  the 
attraction  theory, 

Cohnheim,  whose  studies  on  the  action  of  the  blood-vessels  and 
the  leucocytes  have  been  quoted  so  often,  regarded  the  wall  of  the 
smaller  vessels  as  the  seat  of  the  lesion,  and  he  assumed  a  molec- 
ular change  in  the  vessel- wall  to  account  for  the  series  of  changes 
which  ensued,  and  which  are  distinctly  different  from  those  accom- 
panying simple  hyperemia. 

Neither  of  the  above  theories  has  been  accepted  in  its  entirety, 
as  further  observation  has  shown  that  the  areolar  tissue  is  so  inti- 
mately connected  with  the  smaller  vessels  that  the  two  structures  can 
hardly  be  considered  separately  from  a  physiological  point  of  view  ; 
and  it  is  difficult  to  conceive  of  a  lesion  affecting  one  without 
involving  the  other.  Recklinghausen  shows  that  the  products  of 
inflammation  are  so  deep  in  the  tissues  and  so  little  on  the  surface 
of  membranes,  but  rather  near  the  blood-vessels  and  the  lymph- 
channels  in  the  tissues,  that  the  evidence  is  in  favor  of  the  view 
that  the  walls  of  the  vessels  and  the  surrounding  tissues  are  the 
chief  seats  of  inflammation.  Different  structures  will  of  course 
be  affected  according  to  the  route  through  which  the  inflammatory 
agent  acts. 
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Moot  traumatic  inflammations  take  their  origin  in  the  tissue,  for 
are  directly  acted  upon   by  the  knife,  or  in  superficial  injuries 
or  contusions.     The  parenchymatous  inflammations  of  the  deeper 
organs — that  is,  the  inflammations  acting  upon  the  cells  which  per- 
form the  special  function  of  the  organ — are  examples  also  of  this 
form. 

Those   inflammations   which  are  conveyed  through    the   blood 
aflect  those  tissues  which  lie  chiefly  in  the  course  of  the  vessels, 
and  which,  consequently,  form  the  stroma  or  framework  of  organs, 
and  are  termed  by  the  pathologist  "interstitial."     Typical  exam- 
ples of  this  form  are  seen   in  the  kidney,  the  liver,  and   the  brain 
i  alcohol-poisoning,  but  the  surgeon  has  also  to  deal  with  this 

vi  inflammations  in  cases  of  acute  infective  disease. 
Severe  crushing  injuries,  strong  chemical  agents,  or  the  effects 
extreme  heat  and  cold  result  in  death  of  the  part.      Dead  tissue 
frequently  acts  upon  the  surrounding  tissues  as  a  'l  foreign  bodyt" 
mg  become  a  source  of  infection.     The  agencies  thus  called 
into  action  exert  themselves  partly  upon  the  tissues  directly  and 
on  the  vessels  of  the  part. 
,   then,    is  the   nature  of   inflammation?     The    apparatus 
concerned   in   nutrition    may,    as   has   been   seen,   be   so   affected 
through  the  tissues  or  through  the  blood-vessel*  as  to  sustain  an 
or,  as  Sanderson  expresses  it,  there  occurs  a  "  damage,' ' 
which  may  result  in  death  of  the  part,  or,  if  acting  less  severely* 
may  cause  a  series  of  changes  such  as  has  been  described  as  cha- 
racteristic of  inflammation.     It  has,  in  fact,  been  pretty  generally 
agreed  that  inflammation  is  a  disturbance  of  the  process  of  nutri- 
tion, and  this  view  is  expressed  by  Van  Buren,  who  defines  it  as 
"a  condition   located   in    the   apparatus  of   nutrition,   affecting  a 
limited  area,  and  consisting  in  temporary  perversion  of  nutrition 
t8  natural  and  regular  order.'1     Observe  that  he  does  not 
tec  a  disease,  btit  as  a  "  condition, M  and  u  in  the  majority 

of  cases  not  even  a  morbid  condition. '*  It  is,  in  fact,  difficult  to 
detennine  exactly  where  a  physiological  process  ends  and  a  morbid 
condition  begins.  The  condition  of  a  muscle  after  excessive  exer- 
cise is  one  which  presents  the  symptoms  of  inflammation,  although 
in  a  mild  degree.  It  is  swollen  and  warmer  than  natural,  more 
blood  circulates  through  it,  and  every  one  knows  that  it  can  also 
be  painful.  The  dividing-line  between  such  a  state  and  true  inflani- 
n  the  physiological  and  the  morbid  process,  is  not  a 
Sanderson,  however,  does  not  even  regard  it  as  a  dis- 
junction, but  as  an  arrest  of  function.     The  phenomena  of 


120         SURGICAL    PATHOLOGY     LV/>    THERAPEUTICS. 

inflammation  are,  he  thinks,  the  signs  of  "damage."  A  damaged 
blood-vessel  is  relaxed  for  the  same  reason  that  a  damaged  heart  or 
a  damaged  intestine  is  relaxed.  The  penetration  of  the  leucocytes 
through  the  vascular  wall  is  due,  he  says,  to  the  power  possessed 
by  these  amoeboid  bodies  to  introduce  their  own  substance  into 
that  of  dead  tissue  or  into  any  material  capable  of  imbibition  with 
which  they  are  brought  in  contact.  These  views  are  not  at  all  in 
harmony  with  those  held  a  generation  ago,  when  inflammation  was 
regarded  as  an  increased  nutrition  of  the  part.  This  nutrition  was 
supposed  to  be  necessary  to  enable  the  tissues  to  repair  the  injury 
to  which  they  had  been  subjected.  Before  the  days  of  antiseptic 
surgery  it  was  thought  that  a  brisk  inflammation  was  essential  to 
seal  the  lips  of  a  wound,  but  it  is  now  known  that  union  can  take 
place  with  hardly  a  sign  of  inflammation.  Repair  need  not,  n 
a-days,  be  looked  upon  as  part  of  inflammation,  but,  as  Sanderson 
says,  as  the  result  of  the  power  of  renewal  in  the  adjacent  unde- 
stroyed  tissue.  These  facts  are  becoming  more  evident  as  year  by 
year  the  surgeon  becomes  convinced  of  the  difference  between  the 
old  "traumatic  inflammation"  and  the  uncomplicated  process  of 
repair. 

Inflammation  cannot,  however,  be  regarded  as  simply  an  arrest 
of  function.  The  apparatus  of  nutrition  still  continues  to  perform 
its  duties  so  long  as  its  vitality  is  maintained,  although  in  an 
imperfect  way.  Moreover,  we  have  to  deal  here  not  only  with  the 
nutrition,  but  with  the  protection,  of  the  part  affected.  The 
cells  are  present,  not  only  for  the  purpose  of  repair,  but  also  to 
ward  off  or  to  remove  injurious  particles  and  poisons.  In  attempt- 
ing, then,  to  describe  the  nature  of  inflammation  it  should,  in  the 
light  of  the  latest  discoveries,  be  defined  as  a  lesion  in  t/ie 
isiu  of  nutrition ,  owing  to  which  its  efficiency  is  impaired,  hid  ;r// /<://, 
if  not  so  severe  as  to  cause  Heath*  produces  conditions  favorable  f<>r 
the  protection  and  repair  of  the  part. 

The  leakage  of  the  vessels  causes  an  increased  formation  of 
lymph,  which  flushes  and  washes  out  the  morbid  tissues,  exerts  an 
antiseptic  action,  and  brings  with  it  the  protecting  phagocytes  and 
the  materials  suitable  for  repair. 

Inflammation  has  been  likened  to  a  conflagration  which  destroys 
without  repairing;  but  the  forest  fire,  although  it  carries  destruc- 
tion in  its  path,  sweeps  away  also  the  pests  that  prey  upon  vege- 
table life,  and  leaves  behind  in  the  ashes  materials  and  conditions 
suitable  for  a  new  growth  of  timber. 

Inflammations  arise  from  manifold  causes,  but  they  have  usu- 
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ly  been  classified  into  three  separate  categories:  (r)  trauma  or 
eehauical  injury;  (2)  chemical  action,  including  usually  heat 
nd  cold  and  drugs,  and,  by  some  authors,  also  the  poison  of 
nsects  and  serpents  ;  and  {3)  infection,  due  to  the  action  upon 
the  tissues  of  micro-organisms  known  as  bacteria.  There  are 
other  agencies  that  cannot  well  be  included  under  any  of  these 
Heads,  such  as  the  action  of  the  nerves,  about  which  there  has 
been  much  dispute,  and  the  exclusion  of  blood  from  a  part  for 
a  certain  length  of  time.  This,  as  has  been  pointed  out,  can  be 
dune  experimentally  by  the  application  of  a  rubber  ligature  to 
the  ear  of  the  rabbit  or  to  the  tongue  of  the  frog;  but  there 
arc  also  clinical  examples  of  it  in  the  inflammation  which  pre- 
cedes a  bed-sore  or  in  that  which  follows  the  milder  forms  of 
.■bite.  The  action  of  heat  brings  about  distinct  chemical 
ages  in  the  tissues,  and  it  should  not  therefore  be  associated 
1  cold  as  a  similar  cause  of  inflammation,  as  is  ordinnrilv  done. 
Examples  of  inflammation  due  purely  to  trauma  are  seen  in 
extensive  contusions  and  simple  fractures.  In  such  cases  bacterial 
action  may,  in  the  great  majority  of  cases,  be  excluded,  and  yet  in 
mple  fracture  of  the  tibia,  for  instance,  the  symptoms  of 
inflammation  are  seen  well  marked.  The  whole  region  from  the 
ankle  to  the  knee-joint  is  swollen,  hot,  and  painful,  and  the  limb 
tidered  useless.  The  color  varies  according  to  the  amount  of 
exudation  and  hemorrhage  which  occurs  in  the  tissues.  It  is  not, 
however,  a  brilliant  red,  such  as  is  seen  in  infective  inflamnia- 
Such  inflammations  do  not  have  a  tendency  to  spread. 
Examples  of  chemical  action  are  furnished  by  drugs  which  may 
have  a  predilection  for  certain  organs,  where  they  will  produce 
inflammation  if  used  in  poisonous  doses.  Thus,  mercury  will  act 
upon  the  mouth,  producing  salivation,  and  cantharides  upon  the 
urinary  organs;  gouty  inflammations  may  also  be  placed  in  this 
category".  ' 

The  group  of  purely  toxic  inflammations  are  most  appropriately 
placed  under  the  head  of  chemical  action,  for  such  is  the  nature  of 
the  poison  of  serpents  and  insects,  so  far  as  known  at  the  present 
rime.  There  are  also  chemical  substances  developed  as  the  result 
of  bacterial  action,  but  these  are  incidental  features  of  infection, 
and  cannot  be  classed  in  the  former  category  without  much  con- 
fusion. To  this  class  of  substances  belong  the  ptomaines.  The 
poisonous  action  of  certain  plants,  such  as  ivy,  is  another  example 
also  of  the  group  of  chemical  poisons. 

The  action  of  bacteria  in  producing  inflammation  is  now  recog- 
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nized  everywhere.  The  relation  of  these  micro-organisms  to 
the  inflammatory  process  will  be  considered  in  another  chaj 
The  prominence  which  should  be  ascribed  to  them  as  causes  of 
different  kinds  of  inflammation  is  a  question  about  which  there  has 
been,  and  is  still,  considerable  difference  of  opinion.  As  pro- 
is  made  iu  the  minuter  knowledge  of  the  germ-theory  of  disease 
there  is  a  tendency  to  relegate  to  the  action  of  bacterial  influence 
a  larger  and  larger  number  of  inflammations.  Extremists,  like 
Heuter,  maintained  that  all  inflammations  were  due  to  bacteria. 
Sanderson  quotes  him  as  follows:  u  Septic  organisms  exist  every- 
where, ready,  whenever  access  is  offered  to  them,  to  enter  the 
body  and  fulfil  their  morbific  function.  Consequently,  inflamma- 
tion may  be  defined,  with  reference  to  the  universality  of  its  cause, 
as  an  epidemic  and  contagious  disease  which  prevails  universally 
over  the  whole  world,  with  the  exception  of  mountainous  regions 
near  and  above  the  line  of  perpetual  snow.  Here  there  are  no 
germs,  and,  we  may  presume,  no  possibility  of  inflammation.1* 

Heuter's  views  were  based  upon  the  experiments  of  Zahu  and 
others  that  subcutaneous  tissue  could  be  destroyed  by  the  actual 
cautery  or  by  chloride  of  zinc  without  causing  inflammation. 
These  experiments  will  be  discussed  elsewhere. 

It  was  well  that  Lister  raised  a  warning  voice  against  the 
tendency  of  the  time,  and  at  the  Congress  in  London  he  undertook 
to  show  that  the  germ-theory  of  inflammation  was  carried  too  far, 
and  illustrated  his  point  by  showing  the  influence  which  the 
I  system  has  upou  inflammation.  If  the  nerves  take  no  part 
in  inflammation,  of  what  use,  he  argues^  is  counter-irritation,  such 
as  the  actual  cautery  in  joint  disease  or  the  treatment  of  sore 
throat  by  the  use  of  mustard?  If  this  kind  of  treatment  cures 
an  inflammation  by  withdrawing  nerve-action  from  the  part,  it 
follows  that  the  disease  was  maintained  by  an  abnormal  action  of 
the  nerves.  Catching  cold  is  thus  defined  by  Lister:  ,l  A  diminu- 
tion of  the  action  of  the  nerves  of  a  part  of  the  surface,  leading 
to  the  increased  action  of  the  nerves  of  an  internal  organ  in 
sympathy  with  that  part."  Van  Buren,  however,  explains  catch- 
ing cold  by  an  arrest  of  function  of  the  skin  as  an  emunc! 
whereby  certain  effects  and  presumably  noxious  materials  which 
should  be  eliminated  are  retained  and  act  as  blood-poisons.  This 
view  of  an  auto-infection,  which  is  gaining  ground,  has  lately 
been  brought  forward  to  explain  many  febrile  and  inflammatory 
disturbances  due  to  ptomaine  absorptions  arising  from  gastric  am 
intestinal  disorders. 
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The  influence  of  the  nerves  has  long  been  recognized  as  an 

,t  active  both  in  the  nutrition  of  the  part  and  in  producing 

u  mat  ion.     The  theory  of  the  trophit  action  of  nerves  was  based 

\argely  upon  the  classical  experiments  on  the  vagns  and  trigeminus, 

a  division  of  the  ophthalmic  branch  of  the  fifth  pair  of  nerves 

i  necrosis  of  the  cornea  occurs  within  a  short  time,   which  con- 

■i  eventually  leads  to  destruction  of  the  eye.     The  so-called 

"vagus  pneumonia"   is  an   inflammation  of  the   lungs  following 

of  the  uerve.     But  these  experiments  have  been  explained 

in  other  ways.     The   division   of  the   trigeminus   was   found  to 

th  the   power  of  Drinking  and   with   the  secretion  of 

tears,  and  the  insensibility  of  the  cornea  permitted  abrasions  and 

ulcerations  which  opened  the   way   for  an   invasion  of  bacteria. 

Careful   protection    of    the    eye    by    stitching    the    lids   together 

prevented   inflammations.      Vagus   pneumonia   was   found   to   be 

myesthesia  of  the  larynx  and  paralysis  of  the  cesopha- 

iich  allowed  the  saliva  and  food  to  flow  into  the  bronchial 

tabes.     The    so-called    "schluck-pneumonie"    of   the    Germans 

corresponds  to  this,  and   it  is  occasional ly  a  sequel  of  severe  opera- 

supon  the  tongue  and  throat.     In  such  cases  as  this  there  is 

also  an  extensive  infection  of  the  lung  with  bacteria. 

Such  explanations  as  the  above  have  served  to  throw  consid- 
erable doubt  over  the  influence  of  the  trophic  nerves,  or  indeed  as 
to  their  vers*  existence,  but  Graefe  has  shown  that  if  the  trigeminus 
:ninjured,  but  an  equivalent  of  exposure  of  the  eye  is  pro- 
'■■>  cutting   n\va\  the  lids  and   the  lachrymal  gland,  there  is 
•  ■!  inch  inflammation  as  there  is  upon  section  of  the 
nerve,  and  it  is  also  of  a  different  kind.     Moreover,  cases  every 
bow  and  then  occur  which  are  strongly  suggestive  of  nerve-action. 
ras  a  case  of  left  pleuro- pneumonia  with  herpes  of  the 
lower  side  of  the  chest     Yernet  reports  a  case  of  acute  right  lobar 
with  herpes  of  the  palate,  throat,  and  nose  and  over 
the  right  eighth   intercostal   nerve  and  the  last  phalanx  of  the 
middle  finger  of  the  right  hand.     Naso-labial  herpes  on  the  same 
side  as  the  lung  lesion  has  frequently  been  noticed.     Herpes  zoster 
11  pie  of  a  pustular  eruption    following  the  course  of  a 
nme,  and    is   accompanied  with    infiltration  of   leucocytes  both 
I  the  terminal  branches  and  the  truuk  of  the  nerve. 

Agoitleman  eighty  years  <vf  age  was  exposed  to  the  draught  of  an  open 
'.vhiie  riding  in  tin-  cars  -  -an  unusual  exertion  for  fatal  to  make.    Two 
-       if  the  occipital  region  of  the  exposed  side  came  on 
■nd  ran  a  typical  course. 
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Paget  in  Iris  lectures  lias  described  examples  of  the  effects  wlii< 
disturbance  of  the  nervous  force  may  produce  on  the  nutrition  < 
a  part.  Inflammation  of  the  conjunctiva  may  be  excited  by  >i:ti 
ulus  of  the  retina.  Impairment  of  the  nutrition  of  the  skin  as 
result  of  injury  of  the  nerves  is  sometimes  manifested  by  a  peculu 
glossy  condition  of  the  integument.  The  vaso-motor  disturban< 
described  by  Mitchell,  Morehouse,  and  Keen  has  already  bee 
studied  in  a  previous  chapter.  Swelling  and  inflammation  of  tfc 
finger-joints  have  been  observed  after  fracture  of  the  intern; 
condyle  of  the  humerus,  causing  an  irritation  to  the  ulnar  nerv» 
and  they  have  also  been  observed  after  Colles's  fracture. 

The  condition  of  the  bladder  after  the  destruction  of  the  spin 
cord  has  long  been  ascribed  to  removal  of  the  protective  iiifluen< 
of  innervation.  Many  of  the  cases  of  urethral  fever  which  we 
supposed  to  be  typical  examples  of  reflex  inflammation  are  no 
well  known  to  be  due  to  bacterial  infection,  but  a  certain  numb 
of  them  are  difficult  to  account  for  in  this  wfl 

A  man  of  middle  age,  with  secondary  syphilis  and  a  stricture  of  larg 
calibre  of  the  pendulous  urethra  and  two  perineal  Bstulae,  entered  the  Mass 
chusetts  General  Hospital  for  treatment.  The  Srst  day  an  attempt  wi 
made  to  pass  a  polished  steel  sound  of  about  No.  12  calibre,  but.  although  th> 
stricture  did  not  yield,  not  enough  force  was  used  to  draw  blood,  nndftf 
attempt,  which  was  quite  painful,  was  abandoned.  On  the  second  day  ther< 
was  high  fever  with  suppression  of  the  urine,  and  death  occurred  on  lb 
third  day.  At  the  autopsy  the  kidneys  were  found  deeply  congested  and  a 
acute  nephritis  existed. 


I  and  ai 
:i  othe 


Norton  defines  urethral  fever  as  "a  reflex  paralysis,  or,  in 
words,  an  exciting  impression  upon  or  injury  to  a  set  of  periphera 
nerves  which  by  reflection  through  a  centre  may  result  in  paralysi 
of  the  whole  or  a  part  of  the  united  cerebro-spinal  and  sympathetic 
nervous  system,  ....  bringing  about  structural  changes  or  suj 
puration  in  organs  or  other  tissues." 

Norton  reports  a  case  of  sounding  for  stone  in  oxaluria,  after  which  the 
were  fever,  rigors,  partial  right  hemiplegia,  and  ptosis  of  the  Left  side,  ir 
hyperemia  of  the  left  side  of  the  neck  and  face.  Five  weeks  later  an  cfliisic 
into  the  left  tunica  vaginalis  occurred.  In  a  second  case — one  or  stricture! 
catheterism  produced  high  fever,  later  suppression  of  urine,  and  later  sti 
herpes  of  the  face  and  neck.  The  writer  assumes  an  "arterial  flu\ 
the  testis  and  kidney  in  these  cases. 

Suppuration,   Norton  thinks,  may  occur  in  these  organs 
abscesses    in    distant   parts  may   even   occur,  solely   from 
irritation. 
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Boraer  describes  nervous  swellings,  of  considerable  dimension,  of   the 

&ifl  accorapanying  menstruation  and  the  menopause.     These  swellings  were 

seen  about  the  face  and  the  lips,  and  also  in  other  parts  of  the  body,  and  they 

•ted  of  an  active  hyperemia  and  also  of  a  considerable  exudation  of 

!rmph— a  condition  closely  allied  to  inflammation. 

Although  the  writer  is  not  prepared  to  follow  these  observers  to 
the  full  extent  of  their  theories,  yet  it  must  be  acknowledged,  from 
the  buge  mass  of  accumulated  information  showing  such  a  close 
relation  between  nerve-action  and  inflammation,  that  it  seems 
reasonable  to  assume  that  the  old  views  are  not  entirely  without 
foundation.  It  may  be,  in  some  cases,  that  the  innervation  of  the 
part  is  so  affected  that  bacterial  invasion  can  take  place,  which 
would  have  been  successfully  resisted  by  the  tissues  in  health. 

Foreign  bodies  produce  suppuration  by  means  of  bacterial 
action.  They  may  undergo  decomposition,  or,  if  composed  of  a 
substance  not  capable  of  decomposition,  they  may  excite  a  local 
irritation  which  favors  bacterial  infection  of  the  surrounding  parts. 

Among  the  predisposing  causes  of  inflammation  may  be  men- 
tioned that  of  agt\  Disturbances  of  nutrition  in  growing  children 
lead  readily  to  inflammations  which  are  not  likely  to  occur  in  the 
iich  as  affections  of  the  mucous  membranes  and  of  the  bones. 
In  old  age  the  power  of  resistance  to  invading  organisms  is  less 
marked,  and   many  catarrhal  affections   are  seen   at  this  period. 

rbid  conditions  of  the  blood  (such  as  gout,  scurvy,  diabetes 
subject  the  patient  to  inflammations  of  the  joints,  of  the 
mncons  membranes,  and  of  the  skin.  The  influence  of  climate  is 
also  a  potent  factor  both  in  wintry*  and  in  changeable  climates, 
at  of  Xew  England,  where  affections  of  the  throat  and  of  the 
esophagus,  and,  in  more  equable  and  tropical  countries,  where  the 
abdominal  viscera  are  more  liable  to  inflammations.  The  habits 
and  customs,  and  even  the  costumes,  of  nations  are  affected  by 
nfluences  ;  the  scarf  or  muffler  of  the  Northerner  is  replaced 
by  the  belt  and  sash  of  the  inhabitants  of  the  East. 

3.  Varieties  and  Treatment  of  Inflammation. 

Formerly  it  was  customary  to  divide  inflammations  into  two 
general  varieties — idiopathic  and  traumatic.  The  latter  variety 
included  those  inflammations  arising  from  injury  of  whatever 
kind;  the  former  variety  embraced  those  inflammations  which 
woe  supposed  to  arise  spontaneously.  Little  was  known  about 
the  etiology  of  inflammation  at  the  time  this  classification  was 
nude,  but   as   the   knowledge   of  pathological   processes  has  in- 


creased  less  is  heard  of  idiopathic  inflammations,  the  term  bein 
now  rarely  used,  and  only  in  a  limited  sense  to  indicate  inflamnu 
tions  that  are  not  traumatic.  The  form  of  inflammation  to  whic 
the  present  studies  have  hitherto  been  confined  is  the  simft, 
inflammation — that  is,  the  non-inffcihc  form  of  inilauimatior 
The  causes  of  such  an  inflammation,  as  has  just  been  seen,  ma 
be  various,  but  there  are  no  complications  such  as  would  t 
accounted  for  by  the  presence  of  bacteria.  Burdon  Sanderso 
says  of  it:  "An  uncomplicated  inflammation  is  neither  reprodm 
tive  nor  infectious,  neither  benign  nor  malignant.  It  lias  c 
tendency  except  the  tendency  to  leave  off  as  the  occasion  for 
ceases.'1  Infective  inflammations  are  those  due  to  the  presence  < 
bacteria,  and  they  are  in  marked  contrast  to  the  form  just  met 
tioued.  They  are  destructive  in  their  nature,  and  through  ll 
action  of  those  organisms  the  inflammation  spreads  progressht] 
until  whole  organs  are  destroyed. 

The  division  of  inflammation  into  sthenic  and  as/ft  run  is  base 
upon  the  condition  of  the  soil  in  which  the  disease  occurs,  rath* 
than  upon  the  nature  of  the  process  itself.  A  sthenic  inflaminatia 
is  one  in  which  all  the  phenomena  are  present  and  well  marked  h 
character,  such  as  is  likely  to  occur  in  previously  healthy  tissue 
and  in  a  powerful  and  vigorous  subject.  The  color  of  the  inflamet 
focus  is  a  brilliant  scarlet,  the  swelling  is  pronounced,  and  the  par 
is  hot  and  highly  sensitive  to  the  touch.  The  disease  runs  ai 
acute  course,  whatever  may  be  its  termination. 

Asthenic  inflammations  occur  in  old  or  in  feeble  individual? 
and  are  marked  by  symptoms  so  slight  as  frequently  to  be  ovei 
looked.  They  play  a  conspicuous  part  in  many  of  the  complies 
tions  which  attend  disease  and  injuries  in  the  aged.  Hypostatl 
inflammations,  which  are  familiar  to  the  surgeon  as  the  result  o 
a  feeble  circulation,  occur  in  dependent  portions  of  the  body  dui 
ing  prolonged  confinement  to  the  bed.  Such  is  the  occurrence  ah 
in  old  people  of  pneumonia  during  convalescence  from  an  injui 
or  an  operation.  A  very  slight  cause  may  in  these  cases  be  sufficier 
to  give  rise  to  a  condition  which  may  become  more  grave  than  th 
original  lesion.  The  terms  M  sthenic'1  and  H  asthenic,"  howeve: 
are  rarely  used. 

An  anatomical  division  of  inflammations  may  be  made  i 
choose,  with  Virchow,  to  classify  them  according  to  the  seat 
tissues  attacked. 

According    to   this   view,   parenchymatous    inflammations 
attended  by  the  changes  seen  in  the  cells  peculiar  to  a  given  or 


:  if  w 
of  th 

ns    ax 
oigafl 


SIMPLH  fNFL  -I  1/1/  I  TION. 

which  cells  become  cloudy  from  granules  deposited  in  their  pro- 
toplasm, and  subsequently  undergo  degenerative  changes,  and,  if 
oatlic  surface,  they  are  thrown  off  by  a  process  of  desquamation. 
These  changes  are,  however,  at  the  present  time  regarded  as  degen- 
erative from  the  beginning,  as  the  term  ll  parenchymatous  "  is  no 
idered  as  representing  a  special  type  of  inflammation. 
stitiat  inflammations  involve  the   parts  around  the  blood- 
leflds,  and  consequently  they  occupy  the  connective  tissue  form- 
ing the  stroma  of  organs.     They  are  usually  chronic  in  course,  and 
are  attended  with  the  formation  of  cicatricial  tissue,  which  con- 
tracts and  is  attended  with  a  gradual  diminution  in  the  size  of  the 
organ — a  condition  known  as  cirrhosis. 

Inflammations  can    be  divided   into  various  classes   according 
to  the  prominence  of  certain   pathological   conditions.     In  some 
cases  it  is  found  that  there  is  an  unusually  small  number  of  white 
corpuscles  in  the  serum,  and  this  fluid  may  contain  less  albumin 
than  usual.    This  form  is  called  "serous"  inflammation,  a  familiar 
example  being  the  abundant  effusion  sometimes  attending  a  mild 
form  of  inflammation  of  the  knee-joint.     Many  of  these  so-called 
"dropsies"  of  the  joints  are  undoubtedly  the  result,  simply,  of  an 
altered  function  of  the  endothelial  cells  lining  the  synovial  mem- 
brane, but  others  are  the  outcome  also  of  a  genuine  pathological 
condition,  such  as  an  inflammation  following  injury  or  some  Gon- 
ial condition,   as  rheumatism.     The  abundant  collections 
of  fluid  deposited   in  loose  tissues  in  the  neighborhood  of  acute 
inflammations,  as  in  the  eyelids  or  in  the  prepuce,  are  of  the  same 
character,  and  are  the  result  of  pressure  which  has  forced 
the  serum  in   the  direction  of  least  resistance.     The  fluid  will  in 
this  case  be  thin  and  watery,  having  already  been  deprived  of  its 
gen  while  in  contact  with   the  leucocytes.      These   collec- 
tions of  serum  may  in  some  cases  become  an  element  of  danger, 
extensive  inflammatory  swellings  of  the  neck,  where  there 
maybe  pressure   upon  the  laryngeal   nerves  or  an  oedema  of  the 
which  may  seriously  obstruct  respiration.     The  amount  of 
seram— or,    more  correctly,    of   liquor   sanguinis — which    exudes 
e  vessels  when  the  surface  of  the  wound  has  been   irritated 
is  much  greater  than  one  might  suppose.     These  collections  of 
lay  become  a  great  obstacle  to  the  process  of  repair  by  for- 
iport  the  lips  of  a  wound,  and  it  has  been  the  object  of  no 
mount   of  study  on  the  part  of  surgeons  to  devise  some 
means  to  provide  for  this  excess  of  exudation. 
When  a  large  number  of  leucocytes   are  present,  and  when, 
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owing  to  the  severity  of  the  inflammation,  there  is  considerate 
disintegration  of  these  corpuscles,  possibly  the  result  of  a  strtiggj 
with  certain  forms  of  bacteria,  coagulation  of  fibrin  takes  pla« 
and  the  exudation,  if  it  be  liberated  into  the  interstices  of 
tissue,  solidifies.  If  the  exudation  takes  place  upon  a  mucous  sui 
face,  a  pseudo-membrane  is  formed  by  the  fibres  of  fibrin  intej 
lacing  with  one  another  and  enclosing  leucocytes  in  their  meshcj 
Smc\i  fibrinous  forms  of  inflammation  may  be  the  starting-point  q 
organized  tissue,  and  later  blood-vessels  may  shoot  out  into  thej 
membranes,  new  tissue  being  thus  developed.  In  this  way  t%) 
opposing  surfaces,  as  in  the  peritoneal  cavity,  may  be  glued  to 
gether,  and  the  new-formed  tissue  is  known  as  an  adhesion.  Here, 
again,  the  protective  influence  shows  itself,  for  in  this  way  per- 
forations of  the  intestinal  canal  may  be  closed  and  the  peritoocaj 
cavity  may  be  shut  off  from  an  invasion  of  bacteria,  which  abound 
in  intestinal  secretions.  Certain  serous  membranes  are  particularl) 
prone  to  such  adhesive  forms  of  inflammation,  and  the  adhesiotn 
which  form  may  impair  the  motions  of  the  opposing  surface 
the  pleural  cavity  or  in  joints,  and  may  thus  constitute  a  more  o 
less  serious  complication.  It  is  due  to  the  adhesive  nature  ol 
lymph  that  the  edges  of  a  wound  are  quickly  sealed  togethet 
This  complication  rarely  occurs  in  mucous  membranes;  for  thi 
epithelium,  so  long  as  it  is  preserved,  prevents  the  formation  o> 
fibrin,  and  there  takes  place  a  serous  discharge  holding  more  a 
less  leucocytes  and  some  epithelium  in  suspension,  and  constitutin 
the  condition  known  as  catarrh.  In  severer  varieties  of  inflarnma 
tion  coagulation  of  the  fibrin  takes  place,  and  a  membrane  i 
(brmed  upon  the  surface  which  is  known  as  croupous.  There  is  n 
tendency  to  organization  nor  to  the  formation  of  adhesions  i 
these  cases,  for  the  presence  of  bacteria  brings  on  a  discharge  of 
mucous  or  purulent  character  which  sweeps  away  the  membran 
thus  formed.  A  diphtheritic  membrane  is  formed  by  a  hyaltti 
transformation  or  coagulation-necrosis  of  the  tissues  composing  tt 
mucous  surface  itself. 

This  change  in  the  tissues  is  due  to  the  presence  of  bactcri: 
and  it  is  probable  that  the  tendency  of  the  fluids  of  the  tiss 
coagulate,  and  the  tissues  themselves  to  be  transformed  into  a  mo- 
or less  homogeneous  material,  is  due  to  the  action  of  some  su 
stance  liberated  by  these  organisms  during  their  development  ai 
th.  Such  a  mass  of  dead  tissue — which  if  it  occurred  in 
wound  would  be  called  a  "slough" — can  only  be  separated  frc 
the  living  tissues  by  a  process  of  liquefaction,  this  change 
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effected   through    the    medium    of    suppuration.       When   pus   is 
formed,  the  fibrin  cannot  coagulate,  or,   if  already  coagulated  it 
lbsequently    be    dissolved,    owing    to    the    presence    of    a 
cteinical  substance  known  as  peptone,  or  some  substance  formed 
bacteria  of  suppuration  having  a  solvent  action, 
When  suppuration  takes  place  the  croupous  or  the  diphtheritic 
membranes  are  separated  and  are  carried  off,  and  in  their  place  is 
found  a  formation  of  pus  covering  an  ulcerated  surface,  which  by 
quent  cicatrization  may  heal  and   return  to  a  normal  con- 
Pus   may,    however,    be    discharged     from    an    liiflamt'd 
mucous   membrane    whose    epithelium    has    not    been    destroyed. 
is  the  nature  of  the  gonorrhceal  discharge,   consisting  of 
piasma  filled  with  innumerable  leucocytes,  forming  a  creamy  fluid 
in  which  there  is  no  tendency  to  coagulation  owing  to  the  pres- 
ence of  the  gouococcus. 

Hemorrhagic  inflammations  may  be  mentioned  again  in  this 
place,  merely  to  state  that  they  are  due  to  a  high  grade  of  inflam- 
mation resulting  in  an  intense  congestion  and  stasis  in  the  cap- 
illaries. Red  corpuscles  are  thus  forced  out  by  pressure.  But  the 
»me  conditions  may  be  brought  about  by  weakness  of  the  vessel- 
rail  as  the  result  of  a  hemorrhagic  diathesis  or  in  connection  with 
new  formations  where  the  tissues  have  a  feeble  organization,  as  in 
cancer.  The  existence  of  blood  in  the  exuded  serum  or  lymph  is 
of  certain  affections.  In  the  hernial  sac  a  bloody 
accompanies  strangulation  of  the  bowel,  being  partly  due  to 
passive  hyperemia  and  partly  as  the  result  of  an  inflammatory 
congestion  of  the  peritoneum.  The  aspiration  of  bloody  fluid 
fan  the  pleural  cavity  is  a  symptom  strongly  suggestive  of  the 
nee  of  malignant  or  tubercular  disease. 
Inflammation  may  terminate  either  in  resolution,  in  death  of  the 
part,  or  in  suppuration.  A  termination  by  resolution  means  that 
the  various  symptoms  gradually  subside  and  disappear  and  the 
jart  returns  to  its  normal  condition.  When  the  inflammatory 
Jgtnt  ceases  to  act,  the  distention  of  the  vessels  begins  to  subside 
and  the  flow  of  blood  to  resume  its  natural  course.  The  heat 
ad  increased  redness  therefore  begin  to  disappear  from  the  part 
The  rapidity  with  which  the  swelling  goes  down  depends  upon  the 
ainmint  and  the  character  of  the  exudation  which  has  taken  place, 
exudation  has  been  largely  serous,  containing  but  few 
corpuscles,  the  lymphatics  will  be  able  to  take  it  up  speedily  and 
effectually.  If,  however,  a  larger  number  of  leucocytes  are 
pnsent,  it  will  not  be  possible  for  the  lymph-channels  to  provide 
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rapid  absorption  from  the  inflamed  area.  Some  of  these  cells  are 
taken  up  by  the  Lymphatics  and  carried  back  into  the  circulation; 
some  undergo  degenerative  changes;  others  have  already  broken 
down  during  the  progress  of  the  inflammation,  and  their  substance 
appropriated  by  larger  cells,  the  "  macrophagocytes."  In  this 
way  the  debris  of  the  inflammatory  process  is  swept  away. 

If,  however,  the  exudation  goes  on  to  such  an  extent  that  the 
part  is  completely  infiltrated  with  leucocytes,  the  structure  of  the 
tissue  itself  will  seriously  be  impaired,  for,  as  the  leucocytes  accu- 
mulate in  large  numbers,  the  fibres  and  the  cells  of  the  part  dis- 
appear. The  fixed  cells  undergo  proliferation  and  become  indis- 
tinguishable from  the  migratory  cells,  and  the  intercellular  sub- 
stance is  gradually  changed  into  a  more  or  less  homogeneous 
granular  material  in  which  the  new  cells  are  imbedded.  Th« 
tissue  thus  formed,  which  is  a  temporary  tissue  of  an  einbr} 
character,  replaces  more  or  less  completely  the  normal  tissue  of 
the  part,  and  constitutes  what  is  termed  granulation  tissue. 
Under  these  circumstances  not  only  must  absorption  of  the  new 
cells  take  place,  but  a  considerable  reparative  change  must  occur 
before  the  parts  can  return  to  their  original  condition.  An  inflam- 
mation which  terminates  by  resolution  is  usually  of  a  milder 
type, 

In  some  forms  of  inflammation  all  the  symptoms  may  be  much 
severer,  particularly  the  swelling.  This  swelling  may  occur  to 
such  an  extent  as  seriously  to  impede  the  flow  of  blood  to  the  part, 
and  stasis  or  a  stoppage  of  the  flow  of  blood  through  the  muscles 
will  take  place.  Should  this  swelling  be  limited  only  to  a  small 
area,  such  as  is  supplied  by  a  few  capillary  vessels,  probably  no 
permanent  ill  effects  would  follow,  but  more  extensive  obstruction 
to  the  blood-flow  would  undoubtedly  lead  to  death  of  the  part- 
Such  complications,  fortunately,  are  rare,  but  they  are  sometimes 
seen  following  inflammation  of  the  mouth  in  children,  and  they 
involve  a  slough  of  an  extensive  portion  of  the  cheek,  as  in  noma. 
They  are,  however,  usually  secondary  to  other  diseases,  and 
belong  chiefly  to  the  class  of  infective  inflammations.  When 
mortification  of  a  considerable  portion  of  a  limb  follows  a  trau- 
matic inflammation,  it  is  generally  found  that  some  complication 
has  occurred,  such  as  the  rupture  of  an  artery.  Another  and  more 
frequent  termination  of  inflammation  is  suppuration,  but  this. 
branch  of  the  subject  will  be  considered  in  auother  chapter. 

In  studying  the  treatment  of  inflammation  it  is  well  to  consider 
whether  there  are  any  therapeutic  means  which,  in  the  light  of  tb< 
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present  studies,  will  enable  the  surgeon  to  produce  an  effect  upon 
the  local  processes. 

In  former  times  the  belief  was  strong  that  such  an  effect  could 
be  produced,  and  for  this  purpose  all  the  measures  which  belonged 
to  what  was  then  known  as  the  antiphlogistic  treatment  were 
brought  to  bear.  These  measures  consisted  not  only  in  local 
remedies,  but  also  in  such  remedies  as  powerfully  affected  the 
whole  system.  Venesection  was  not  infrequently  accompanied  by 
an  emetic.  It  was  thought  that  by  abstracting  blood  and  thus 
weakening  the  heart's  action  less  blood  would  be  carried  to  the 
part  and  the  violence  of  the  process  would  be  subdued.  Leeches, 
blisters,  heat,  and  cold  were  alternately  applied  to  the  part  with 
the  view  of  directly  combating  the  processes  themselves,  without 
Dg  into  account  the  causes  which  produced  them.  The  exu- 
0,  it  is  true,  was  supposed  to  be  due  to  a  fibrinous  crasis,  and 
mercury  was  also  freely  used  to  exert  a  solvent  action  upon  the 
coagulated  lymph,   thus  favoring  absorption. 

The  antiphlogistic  has  now  given  way  to  the  antiseptic  treat- 
ment; that  is,  therapeutic  measures  are  now  directed  rather 
against  the  causes  than  the  result  of  inflammation.  The  treat- 
ment of  to-day  is  mainly  directed  to  prevention  of  inflammation, 
and  how  far  this  attempt  has  succeeded  few  are  able  to  realize  who 
arc  unfamiliar  with  the  appearance  of  hospital  wards  before  the 
antiseptic  era.  Still,  inflammation  is  always  present  in  a  more  or 
less  aggravated  form,  and  appropriate  remedies  are  as  much  in 
demand  as  ever.  Attempts  have  been  made  to  determine  whether 
an  intimate  knowledge  of  the  processes  of  inflammation  enables 
one  to  combat  them  scientifically.  The  treatment  of  the  septic 
forms  of  inflammation  or  those  due  to  bacteria  will  be  discussed  in 
another  place.  The  point  more  especially  of  interest  now  is  to 
determine  the  degree  of  influence  which  remedies  will  exert  upon 
the  processes  themselves.  Nancrede,  who  has  studied  this  question 
experimentally,  points  out  that  in  inflammation  the  excess  of 
plasma  cannot  be  carried  off  by  the  lymphatics,  as  they  are  com- 
pressed by  the  swelling  of  the  parts  and  are  blocked  with  leu- 
cocytes. The  vessels  are  distended,  and  the  existing  intravascular 
pressure  favors  an  excess  of  exudation,  which  is  aggravated  also 
'he  presence  of  unusual  numbers  of  red  corpuscles  that  bring 

an  excess  of  oxygen  to  the  part,  thus  exciting  the  leucocytes  to 

increased  amoeboid  action  and  to  their  consequent  migration. 

theoretically- perfect  remedy  should  therefore  relieve  pressure 

from  the  heart's  action,   thus  preventing  over-distention  of  the 
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already  distended  blood-vessel's  walls.  It  must  prevent  also  such 
ingress  of  blood  as  to  cause  an  excess  of  oxygen  with  the  increased 
exudation  that  results,  and  it  must  favor  the  escape  of  blood  on 
the  venous  side,  so  as  to  drain  off  the  stagnant  blood.  The  he 
action,  though  diminished  in  force,  should  be  iucreased  in  frequency 
to  favor  a  return  to  active  circulation. 

Xuncrede  divided  a  large  vein  on  the  distal  side  of  the  circulation 
in  the  inflamed  tongue  of  a  frog.  "The  effect,"  he  says,  "  upor 
the  obstructed  vessels  was  first  an  oscillation  of  the  blood-disks, 
then  an  occasional  momentary  flow  of  blood,  then  suddenly  a  rapia 
resumption  of  the  circulation,  sweeping  out  the  blood-vessels 
apparently  restoring  them  to  their  normal  condition,  except  at  spot 
where  the  agents  inducing  the  inflammation  had  chemical! 
destroyed  the  vessels  or  coagulated  their  contents,1' 

Gensmer  produced  a  more  decided  effect  upon  the  circulation  h 
the  web  of  a  frog's  foot  by  applying  a  leech  to  the  hock-joint 
General  bloodletting  by  opening  an  abdominal  vein  was  inferior  to 
leeching  near  the  affected  area.  Local  bleeding,  Gensmer  thinks, 
relieves  stasis  and  causes  a  more  abundant  supply  of  arterial  blood 
to  the  part,  thus  better  nourishing  the  tissues,  and  enabling  them 
to  withstand  the  effect  of  the  inflammatory  process.  He  says  the 
water  is  increased  and  the  oxygen-carriers  are  diminished  in  the 
blood-vessels  of  the  part ;  the  action  of  the  heart  becomes  more 
rapid  and  its  force  lessens.  Here,  then,  is  secured  the  desired 
effect  upon  the  circulation. 

Arterial  sedatives  were  not  found  to  have  the  same  effect  upon 
the  circulation.  Experiments  show  that,  in  giving  gelsemium 
the  arteries  become  smaller,  that  the  current  is  slower,  and  tha1 
stagnation  is  increased.  Nancrede  concludes  that  during  the  stag< 
of  active  hyperaemia  little  danger  exists  of  changes  in  the  walls  ol 
the  capillaries  and  of  exudation.  At  this  stage  ergot  or  arterial  sed 
atives  would  act  favorably  by  reducing  the  size  and  rapidity  of  tin 
current,  thus  allowing  the  veins  of  the  irritated  area  to  emptj 
themselves,  and  giving  the  circulation  an  opportunity  to  return  t< 
its  normal  condition. 

After  the  stage  of  capillary  stasis  is  reached  arterial  sedative 
can  only  do  harm,  and  blood  should  now  be  removed  from  tin 
venous  side  of  the  circulation.  The  best  results  are  obtained  bj 
bleeding  from  one  of  the  principal  veins  leading  from  the  inflame* 
focus.  When  bleeding  is  impossible  leeching  or  wet  cups  shouk 
be  resorted  to.  In  this  way  the  vessels  are  not  only  emptied 
lessening  the  pressure,  but  an  aspiration  is  also  invoked  wl 
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increases  the  rapidity  of  the  flow,  and  this  flow,  as  it  is  unaccom- 
panied by  increased  pressure,  sweeps  away  the  leucocytes  and 
removes  the  excess  of  oxygen,  and  thus  lessens  migration  ;  it  also 
helps  absorption  of  the  exposed  lymph.  This  absorption  occurs  a 
few  hours  after  the  leeching,  as  shown  in  the  wrinkling  of  the  skin 
seen  about  that  time. 

Ill  the  later  stages  of  inflammation  arterial  sedatives  act  favor- 
ably after  bloodletting,  because  they  lessen  intravascular  pressure, 
thus  permitting  the  vessels  to  recover  their  normal  condition.      By 
lessening  the  bulk  of  blood   in   the  part  sedatives  relieve  nerve- 
pressure  and,  consequently,  pain.     Independently  of  bloodletting, 
thev  would  act  favorably  only  on  the  surrounding  congestion,  and 
would  not  help  the  conditions  obtaining  in  the  inflamed  focus  itself. 
Sncli  studies  as  these,  which  have  more  than  a  theoretical  value, 
should  be  encouraged,  for  they  are  of  great  service  in  helping  one 
to  obtain  an  intelligent  idea  of  how  to  attempt  to  control  the  cir- 
tiofl   in   deep-seated   inflammation,    particularly   in    the   brain, 
where  slight  changes  in  the  current  of  blood  within  the  vessels  or 
nidation  into  the  delicate  tissues  surrounding  them  are  pro- 
ductive of  grave  results. 

•cal  applications  to  inflamed  parts  both  heat  and  cold  act 
favorably  by  the  action  they  produce  upon  the  blood-vessels.  The 
ice-bag  can  be  applied  in  those  cases  in  which  congestion  of  ves- 
-  imminent  feature,  and  where  redness  and  heat  are  con- 
sequently pronounced  symptoms.  The  soothing  action  of  cold 
always  makes  it  a  welcome  application.  If,  however,  the  swelling 
is  great,  the  circulation  is  sluggish,  the  color  is  dusky,  and  the 
temperature  of  the  parts  is  low,  cold  would  tend  to  aggravate 
rather  than  relieve  the  symptoms. 

Beat  acts  differently   according   to   the   degree   used.     Warm 
poultices  favor  an  increase  of  hyperemia  and  consequent  flushing 
he  part.      The  exudation  may  thus  be  increased  until  pus  forms, 
or  the  flushing  of  the  part  with  blood-serum  may  bring  about  an 
antiseptic  action,  and  thus  prevent  suppuration.     Heat  will  in  this 
way  favor  the  absorption  of  the  exudation,  and  it  will  in  any  case 
c  a  soothing  influence  upon  the  nerves  of  the  part.     Greater 
heat  will  constrict  the  blood-vessels.     Thus  very  hot  poultices,  fre- 
ipplied,  will  sometimes  check  an  incipient  inflammation, 
and  in  chronic  congestion  of  the  cervix  uteri  the  hot  douche  exerts 
-urative  influence  by  this  action  upon  the  vessels. 
The  influence  of  counter-irritation  has  already  been  alluded  to. 
Counter-irritation  can  be  applied  either  in  the  shape  of  the  actual 
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cautery  or  the  blister  or  in  milder  ways.  It  alters  in  some  way 
the  nerve-action  of  the  part,  and  thus  controls  the  circulation.  It 
exerts  its  influence  partly  by  reflex  nerve-action  and  partly  upon 
the  local  vaso-motor  apparatus.  It  also  stimulates  absorption. 
Internally  opium  may  be  given  to  relieve  pain  and  to  ensure  rest 
to  the  part.  As  a  rule,  depletive  measures  should  be  avoided,  and 
the  strength  of  the  patient  should  be  maintained  by  careful  at  ten-- 
tion  to  his  diet  and  to  his  surroundings. 


VI.  INFECTIVE    INFLAMMATION. 

i.  Etiology. 

Thus  far,  attention  has  chiefly  been  called  to  the  simple  forms 
of  inflammation.     The  form    that    will    next   be   studied   has   the 
peculiar  characteristic  that  its  tendency  is  not,  like  that  of  simple 
inflammation,  to  remain  local  and  to  subside,  but  rather  is  to  spread 
and  involve  surrounding  parts.      This  peculiarity,  which  rend. 
ti  much  more  formidable  type  of  disease,  is  due  to  the  presence  of 
bacteria.     The  surgical  affections  caused  by  these  organisms  may 
be  considered  as  complications  attacking  the  healing  of  wounds, 
ind  constitute   that  group  of   affections  known  as  the  traumatic 
we  diseases. 
Infective  inflammation  terminates,  in  the  great  majority  of  cases, 
in  suppuration,  and  the  forms  of  bacteria  now  recognized  as  the 
cause  of  pus-formation  are  known  as  the  pyogenic  coccL     Infective 
inflammation  differs,   therefore,   from    simple  inflammation   in  its 
bacterial  origin  and  in  the  destruction  of  tissue  which  it  involves. 
The  old  view  of  suppurative  inflammation,  as  described  by  Billroth 
and  elaborated  by  Cohnheim,  was  that  it  consisted  in  an  enormous 
multiplication  of  the  cells  of  the  part  due  to  diapedesis  of  leuco- 
and  that  the  fluid  portion  of  the  exudation  failed  to  coagu- 
late, and  that  this,  with  a  softening  of  the  intercellular  substance, 
iced  liquefaction  of  the  tissues,  thus  forming  pus.     Why  the 
fibrinogen  did  not  coagulate  was  not  precisely  understood,  but  it  is 
now  known  that  fibrinogen  is  changed  by  the  bacteria  into  peptone. 
This  peptonizing  action  of  the  pyogenic  cocci  is  one  of  their  most 
marked  peculiarities,  and   the  fermentation   which  occurs   in   the 
products  of  suppurative  inflammation  is  thus  adequately  explained. 
fte  frequency  with  which  these  organisms  are  found  in  the 
human  subject  is  pointed  out  by  Ogston,  who  examined  the  pus 
from  one  hundred  abscesses.     Cocci  were  found  in  all  acute  ab- 
cesses,  and  were  absent  in  all  cold  abscesses.     The  experience  of 
subsequent  observers  has  practically   been  the  same.     The  only 
points  about  which  there  is  at  present  any  question  are  the  etiology 
of  the  cold  abscess  and  the  relative  frequency  with  which  the  dif- 
ferent types  of  pyogenic  cocci  are  found  in  the  different  clinical 
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varieties  of  acute  suppuration.     It  was  at  one  time  supposed  that 
the  cold   abscess  was  caused   by  the  bacillus  of  tubercle  only,  but 
this  view  has  not  fully  been  sustained.     In  a  large  number  of  cases 
it  is  not  possible  to  demonstrate  their  presence  either  in  the  con- 
tents or  in  the  walls  of  an  abscess.     The  absence  of  pyogenic  cocci, 
as  shown  by  the  failure  to  obtain  a  culture  from  the  pus  of  a  cold 
abscess,  is  explained  by  the  dying  out,  owing  to  their  age,  of  the 
organisms   concerned   in   the  abscess.     This  explanation  does  not 
seem  to  be  altogether  satisfactory,  inasmuch  as  the  cultures  of  these 
organisms  show  that  they  can  retain  their  vitality  for  a  very  great 
length  of  time.     It  is  possible  that  cocci  may  settle  and  form  a 
deposit  at  the  bottom  of  an  abscess,  the  other  portion  of  the  pus 
being  sterile.     Ogston  has  demonstrated  that  the  numbers  of  cocci 
greatly  vary  according  to  the  activity  of  the  suppuration.    In  acute 
abscesses  he  found  an  average  of  917,775  cocci  to  1  cram,  of  pus. 
and  in  the  more  chronic  forms  of  abscess  there  were  only  39* 
cocci.     The  fact  is,  that  cocci  are  found  in  many  of  the  abscesses 
originally  starting  from  tuberculosis  of  the  bone.    H.  C.  Ernst  dem- 
onstrated the  presence  of  the  aureus,  albus,  and  tenuis  in  several 
cases  of  psoas  abscess.     Rosenbach  obtained  general  tuberculosis 
in  animals  by  injecting  pus  from  cold  abscesses,  and  the  cultures 
taken  from  the  same  pus  proved  sterile. 

The  types  of  disease  in  which  pyogenic  cocci  are  found  are 
acute  localized  abscesses  of  all  kinds,  such  as  boilsT  carbuncles, 
suppurating  glands,  empyema,  abscesses  of  the  parotid,  mamma, 
and  tonsil,  synovitis,  and  osteomyelitis.  In  these  forms  the 
staphylococcus  group  is  usually  found.  The  streptococci  are  more 
frequently  seen  in  the  spreading  inflammations,  such  as  phlegmon- 
ous cellulitis  and  phelgmonous  erysipelas. 

Experiments  on  animals  have  abundantly  proved  that  cultures 
of  these  organisms  when  injected  into  their  tissues  would  produce 
suppuration.     One  or  two  examples  it  may  be  well  to  give. 

Kriiipp  tested  the  action  of  sterilized  foreign  bodies  when  introduced 
into  the  cornea,  and  found  that  suppuration  did  not  take  place,  but  when  the 
t  was  previously  dipped  in  a  pure  staphylococcus  culture  suppurative 
keratitis  always  occurred.  H.  C.  Ernst  injected  into  a  guinea-pig  the  staphy- 
lococcus pyogenes  ;mrvus  from  a  perinephrilic  abscess  which  occurred  in  a. 
patient  in  the  writer's  hospital  service,  the  patient  subsequently  dyioj 
Pyemia.  The  seventeenth  generation  was  used  for  the  purpose,  the  cultn 
process  lasting  over  a  year.      There  was  developed   in  the  guinea-pig  ai 

foil  of  thin  yellow  pus.  cultivations  from  which  showed  the  pn 
of  the  staphylococcus  aureus. 

It  has  been  proved,  however,  that  under  certain  circumstan 
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ajeciions  of  the  pyogenic  bacteria  will  not  produce  suppuration. 

The  experiments  of  Gram  on  the  peritoneal  cavity  of  animals  lias 

bearing  upon  this  point.     He  found  that  a  considerable  number 

bacteria  could  be  introduced  into  the  peritoneal  cavity  without 

ifecting  the  health  of  the  animal.     He  concludes  that  in  order  to 

act  the  pyogenic  cocci  must  have  certain  conditions  of  the  tissues 

pre-existing   that   germination   may    take    place.      So   long  as  the 

ice  of  the  peritoneum  remains  uninjured,  millions  of  bacteria 

be  absorbed,  but  if  fluid  containing  them  is  injected  in  such 

quantity  that  it  cannot  be  absorbed  readily,  or  if  the  peritoneum  is 

injured,  peritonitis  will  occur. 

Rapidity  of  absorption  will  equally  well  save  other  parts  of  the 
body  from  the  ravages  of  the  pus  cocci.  Th  is  has  repeatedly  been 
proved  to  be  the  case  after  the  injection  of  pure  cultures  into  the 
subcutaneous  tissue  of  animals  when  the  point  of  injection  has 
been  touched  by  the  actual  cautery.  The  heat  acted  as  a  stimu- 
lant to  the  absorbents,  and  the  injection  was  followed  by  a 
negative  result. 

Watson  Cheyne  has  shown  tliat  the  number  of  bacteria  injected 
makes  a  very  great  difference  in  the  result.     He  obtained  by  plate- 
culture  a  general  idea  of  the  numbers  existing  in  a  given  quantity 
of  a  fluid,  the  fluid  being  diluted  for  the  purpose:  a  certain  amount 
of  this  material  was  injected  into  an  animal,  and  at  the  same  time 
plates  were  made  from  a  similar  quantity.     He  thus  ascertained 
quite  accurately  how  many  organisms  were  present  in  the  fluid 
:ed.     In  the  case  of  the  proteus  vulgaris  he  found  that  -^  cc. 
of  an  undiluted   cultivation,   an   amount  containing   250,000,000 
bacteria,  injected  into  the  muscular  tissue  of  a  rabbit,  proved  to  be 
a  rapidly  fatal  dose:  ^  cc,  containing  56,000,000  bacteria,  caused 
in  extensive  abscess,  from  which   the  animal  died  in  six  to  eight 
weeks.    Doses  of  less  than  18,000,000  bacteria  seldom  caused  any 
remit.     In  the   case  of  the  staphylococcus  pyogenes  aureus  he 
showed  that  it  was  necessary  to  inject  something  like  1,000,000,000 
cocci  into  the  muscles  of  a  rabbit  to  cause  a  rapidly  fatal  result, 
while  250,000,000  produced  a  small  circumscribed  abscess.     The 
n  smaller  doses  was  found  to  produce  the  same  result.     He 
further  that  the  concentration  of  the  bacterial  material  was 
of  great  importance,  as  shown  by  the  fact  that  the  dose  must  act 
at  the  same  place  and  at  the  same  time.     Splitting  up  the  dose 
and  injecting   various    portions   of  it    into   different  parts   of   the 
<1  at  successive   periods  of  time  or  at  the  same   time  did 
produce  the  same  result.     He   found  also  that  the  dose  for 
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different   animals   varied   according   to   the   susceptibility   of   the 
animal. 

As  a  human  being  is  not  very  susceptible  to  pyogenic  organ- 
isms, the  results  produced  by  them  in  man  vary  according  to  the 
amount  introduced.  Consequently,  a  few  cocci  entering  a  wound 
would  possibly  do  no  harm  unless,  indeed,  they  met  with  con- 
ditions particularly  favorable  for  their  growth,  sucb  as  the  reten- 
tion of  fluid  or  a  clot  in  which  they  could  readily  develop  and 
multiply.  This  probably  accounts  for  the  fairly  good  results 
obtained  with  imperfect  aseptic  work,  the  introduction  of  large 
doses  of  bacteria  being  thus  avoided.  The  pyogenic  cocci  in 
small  numbers  are  more  liable  to  cause  suppuration  if  accom- 
panied by  a  sufficient  amount  of  toxic  substances  which  are 
present  in  virulent  cultures  of  the  cocci,  and  the  extent  of  the 
inflammation  bears  a  relation  to  the  quality  and  quantity  of  these 
substances.  In  infected  cases  these  chemical  products  may  be 
found  in  a  much  more  virulent  form  than  those  products  obtained 
from  cultures,  coming  as  they  do  from  various  sources  and  grow- 
ing under  varying  conditions.  The  presence  in  the  circulating 
blood  of  the  toxic  products  of  some  micro-organisms  favors  the 
development  of  foci  of  suppuration,  as  in  pyaemia  (Welch), 

Before,  however,  further  discussing  the  questions  of  the  con- 
ditions favorable  for  the  growth  and  spread  of  the  pus-cocci  in  the 
living  tissues  let  us  consider  some  of  the  experiments  which  prove 
the  pyogenic  action  of  these  cocci  upon  man.  Quite  a  number  of 
such  experiments  have  been  made,  and  some  of  the  most  instruc- 
tive were  those  performed  by  Garre\  who  inoculated  with  a  cul- 
ture of  the  aureus  a  fold  of  the  skin  at  the  edge  of  his  finger-nail, 
and  produced  the  typical  suppuration  round  the  margin  of  the 
nail  commonly  called  a  *' run-around."  He  next  rubbed  a  large 
quantity  of  an  aureus  culture  into  the  uninjured  skin  of  his  left 
forearm.  A  burning  sensation  began  at  the  point  six  hours  later; 
pustules  appeared  the  following  day;  the  inflammation  continued 
to  increase  around  the  pustules,  and  the  fourth  day  a  carbuncle 
had  developed:  ultimately  there  formed  more  than  twenty  open- 
ings discharging  pus  and  portions  of  dead  tissue.  From  the  pus- 
discharges  a  pure  culture  of  the  aureus  was  obtained.  This 
experiment  shows  not  only  that  the  cocci  were  the  cause  of  the 
suppuration,  but  also  that  they  can  obtain  an  entrance  through 
the  uninjured  skin.  It  is  evident  that  they  must  have  penetrated 
through  the  glandular  openings  and  hair-follicles. 

How  this  process  is  developed  is  shown  in  the  experiment  of 
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Bockhart,  who   rubbed  a  culture  of  the  aureus  into  his  arm  after 
scraping  sway  the  epidermis  in  one  or  two  places.     Pustules  and 
isolated  furuncles  were  developed.     A  piece  of  the  diseased  parts 
was  excised  and  examined  under  the  microscope.     The  cocci  had 
grown  in  between  the  cells  of  the  exposed  rete  Malpighii,  thence 
into  the  papillae,  and  also  into  the  hair-follicles  and  ducts  of  the 
sebaceous  and   sudoriparous   glands.     There   was   an   active  dia- 
pcdesis  of  leucocytes  from  the  vessels  of  the  papilla?  surrounding 
Ok  colonies  of  micrococci,  and  pustules  were  thus  formed.      Bock- 
hart concluded  that  if  the  pustule  connected  with  a  hair-follicle 
or  a  gland-duct,   a   boil   would   be  produced;   otherwise,   nothing 
more  than  a  pustule  would  be  produced.     Similar  results  were  also 
I  by  YVigglesworth. 
Bnmm  injected  subcutaneously  into  his  own  arm  and  into  the 
arms  of  several  other  individuals  a  few  drops  of  a  salt  solution 
ing  fragments  of  an  aureus  culture  :  abscesses  varying  in 
size  from  au  egg  to  that  of  a  fist  were  thus  produced.     In  one  case, 
vkhcn  the  abscess  had  not  yet  fully  ripened,  he  excised  the  inflamed 
nodule,    together  with    the   surrounding   skin   and   subcutaneous 
tissue.     On  section   the  specimen   showed   a  yellowish,   softened 
centre  surrounded  by  a  reddish  zone,  which  gradually  was  replaced 
by  normal  tissue.     Under  the  microscope  the  centre  was  seen  filled 
with  pus-cells  on  the  point  of  breaking  down  into  pus,  and  between 
the  pus-cells  were  clusters  of  cocci.     On  the  periphery  of  the  sup- 
purating portion  the  cocci  were  seen  in  large  clusters  and  in  columns 
g  between  the  wavy  fibres  of  connective  tissue,  followed  by 
rnorrnous    infiltration    of    leucocytes.     Schimmelbusch,     who 
robbed  a  culture  of  the  aureus  into  the  skin  of  moribund  patients 
and  examined  the  pustules  and  abscesses  thus  formed,  found  that 
the  infection  took  place  through  the  hair-follicles  between  the  hair 
and  its  sheath. 

The  relative  frequency  with  which  the  different  varieties  are 
found  in  cases  of  suppuration  in  man  is  shown  bv  an  analysis  by 
lhaus  of  330  cases  of  different  observers.  The  staphylococci 
were  found  in  66.5  per  cent,  and  the  streptococci  were  found  in 
30.4  per  cent,  of  the  cases,  and  a  mixture  of  the  two  forms  in  9,5 
per  cent.  The  tenuis  was  found  only  in  1  per  cent.,  and  the  other 
forms  also  quite  rarely. 

The  question   now  naturally  arises  :  Is  all  suppuration  in  the 

human  lubjcrl  due  to  the  presence  of  bacteria?     When   Lister  first 

wed  that  the  suppuration  of  wounds  was  due  to  their  presence 

convincing  argument  of  antiseptic  surgery,  the  belief 
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became  almost  universal  that  bacteria  of  some  sort  are  always  found 
as  the  active  agents  of  suppurations.  Previous  to  that  tunc  it 
been  supposed  that  mechanical  as  well  as  chemical  irritation,  and 
also  foreign  bodies  imbedded  in  the  tissues,  could  produce  suppu- 
ration. But  when  the  germ-theory  had  taken  a  firm  hold  a  school 
was  soon  developed,  at  the  head  of  which  was  Heuter,  whose  motto 
was  :  "No  pus  without  bacteria."  There  were  many,  however,  who 
were  not  prepared  to  allow  such  complete  sway  to  micro-organisms. 
Billroth  held  the  view  that  bacteria  were  not  the  cause,  but  were 
the  accompaniment,  of  suppuration,  and  that  a  chemical  substance, 
the  "phlogistic  zymoid "  (a  sort  of  chemical  ferment),  was  the 
principal  agent.  Apparently  in  confirmation  of  this  view  there 
appeared  in  1878  a  report  from  Pasteur  that  he  had  been  able  to 
obtain  suppuration  with  pus  in  which  all  the  bacteria  had  been 
destroyed  by  heat  of  from  ioo°  to  no°  C. :  in  other  words,  from  a 
fluid  which  contained  only  the  chemical  products  of  those  organ- 
isms. As  the  knowledge  of  the  pyogenic  cocci  became  more- 
accurate  the  disposition  was  strengthened  to  regard  all  suppuration. 
as  of  bacterial  origin. 

For  the  purpose  of  subjecting  this  theory  to  the  most  rigorous 
test  a   large  number  of   investigations  were  made   to  determines 
whether  it  was  possible  to  cause  suppuration  purely  by  chemical 
substances,  such  as  croton  oil,  mercury,  turpentine,  etc.     The  early 
experiments  of   this  kind  were  very  contradictory,   the  errors  o€* 
many  observers  being  due  partly  to  imperfect  asepsis,  and  partly  to 
the  fact  that  in  certain  animals  suppuration  could  be  produced  by 
those  agents  that  entirely  failed  when  other  kinds  of  animals  werei 
used    for  the  experiment.     Since  then,   however,  experience  haaM 
shown   the  common  sources  of  error,   and  some  of  the  work  hs*36 
been  so  carefully  performed  that  it  seems  impossible  to  be  skeptical 
of  the  results  obtained. 

Councilman  was  the  first  to  show  that  croton  oil  could  produ 
suppuration  without  bacterial  action  when  injected  into  the  su 
cutaneous  cellular  tissue  of  rabbits.      Pet  rone  succeeded  in  1885  i 
obtaining  suppuration  in  rabbits  and  in  guinea-pigs  with  inj 
tions  of  sterilized  pus,  thus  confirming  the  experiments  of  Past 
Grawitz  and  de  Bary  found  that  turpentine  caused  suppuration  1)1 
dogs,  but  not  in  rabbits  nor  in  guinea-pigs.     Ammonia,  well 
ted,  if  injected   into  dogs,   is  absorbed,   but  in  concentrated  solu- 
tions it  causes  the  formation  of  pus  which  proves  absolutely  ste 
to   all    culture-tests.      Cultures   of   the  micrococcus  prodigiosus, 
sterilized   by   heat  and   injected,    produced  sterile    pus   in  dogs, 
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rabbits,  and  rats.  The  addition  of  a  small  quantity  of  an  aureus 
ilture  to  this  material  produced  pus  very  rich  in  cocci.  These 
ithors  concluded,  as  the  result  of  their  investigations,  that  certain 
aemical  substances  in  certain  strengths  and  injected  into  certain 
iraals  caused  suppuration  without  bacteria,  and  also  that  these 
chemical  substances  pave  the  way  for  the  action  of  bacteria. 

Interesting  in  this  connection  is  the  work  of  Leber,  who  suc- 
ceeded in  obtaining  from  cultures  of  the  aureus  a  crystalline  sub- 
stance to  which  he  gives  the  name  "  phlogosiu.,t  He  has  made  a 
number  of  experiments  upon  animals  with  this  substance,  and  he 
propounds  a  new  theory  of  inflammation  founded  on  the  capacity 
which,  as  shown  by  botanists,  is  possessed  by  certain  chemical  sub- 
stances of  attracting  or  of  repelling  certain  kinds  of  organisms. 
Leber  ascribes  to  phlogosin  a  similar  ckcmotactic  action  upon  the 
leucocytes,  in  virtue  of  which  it  draws  them  toward  itself.  The 
leucocytes,  he  thinks,  play  a  double  r61e  :  they  absorb  the  irritating 
substances  and  dissolve  or  digest  the  necrosed  portions  of  the 
inflamed  tissues.  Christmas  showed  elearlv  that  the  conflicting 
ts  produced  by  different  observers  were  due  to  the  varying 
of  animal  used  for  experimentations.  Turpentine  and  mer- 
cun- failed  with  him  to  produce  suppuration  in  rabbits,  but  caused 
suppuration  in  dogs.  He  explained  this  by  the  slower  absorptive 
power  which  exists  in  the  latter  animals.  He  obtained  suppuration 
in  dogs  with  bouillon-culture  of  the  aureus,  not  only  after  boiling, 
but  also  after  filtering,  the  culture.  His  definition  of  suppuration 
Hows  :  "Suppuration  should  be  regarded  as  the  effect  of  a 
reaction  of  the  tissues  against  certain  chemical  substances,  whether 
they  are  produced  by  living  organisms  or  are  purely  chemical  in 
their  nature." 

Cheyue  in  his  excellent  article  on  suppuration  is  inclined  to 

tike  issne  with    those  who  maintain    that  pus  can  form  without 

bacterial  aid.     He  says:  u  If  a  number  of  careful  observers  have 

entirely  to  produce  suppuration  by  the  injection  of  these 

irritating  chemicals,   then    those   who   have   obtained  a  contrary 

t   either  have   brought  some   other   factor   unwittingly 

<r  there  must  be  some  other  explanation  of  the  result. M 

,  who  has  carefully  gone  over  the  ground,  brings  forward 

fence  the  results  obtained  by  introducing  hermetically-sealed 

sterilized  glass  tubes,  containing  a  mixture  of  equal  parts  of  croton 

and  olive  oil,  into  the  subcutaneous  connective  tissue,     After  the 

i  had  healed  aseptically  the  tubes  were  broken  at  different 

intervals  of  time  and  their  contents  allowed  to  escape.     He  did  not 
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obtain  in  any  case  creamy  pus,  but  "a  putty-like  mass  is  forme 
which  has  been  described  by  some  as  pus,"  but  which  he  woul 
not  regard  as  such.  It  is  a  question,  he  says,  whether  this  putt) 
like  materia]  is  not  a  further  change  of  fibrinous  exudations  pre 
duced  by  the  solvent  action  of  the  living  tissues,  which  are  endeav 
oring  to  remove  the  dead  material,  and  as  a  result  of  a  prolongs 
action  of  living  cells  on  the  extensive  dead  mass. 

A  number  of  cases  may  be  found  in  the  quite  extensive  litera- 
ture of  this  subject  where  it  is  distinctly  stated  that  there  was 
obtained  a  considerable  quantity  of  fluid  pus  containing  m 
bacteria.  Steinhaus,  who  is  one  of  the  most  accurate  investigators 
of  this  question,  has  repeated  all  the  experiments  with  the  greatest 
care.  He  found  no  irritation  resulting  from  the  introduction  of 
sealed  glass  tubes  into  the  subcutaneous  tissue:  sometimes  they 
became  encapsuled,  but  in  the  peritoneal  cavity  they  were  usually 
found  floating  free.  He  always  obtained  pus  when  calomel  wa* 
used.  The  tl  calomel  pus11  is,  however,  somewhat  different  from 
ordinary  pus.  The  nuclei  of  the  cells  are  single,  cystic,  01 
elongated,  and  take  staining  feebly:  there  appeared  to 
advanced  degeneration. 

Mercury  produced  suppuration  in  dogs,  rabbits,  and  guit 
pigs,  but  the  amount  of  pus  produced  in  the  case  of  the  rabt 
experiments,  the  only  case  in  which  the  pus  is  described,  appear 
to  have  been  confined  to  two  small  clumps  of  purulent  materia 
at  each  end  of  the  broken  glass  tube.  Nitrate  of  silver  produce 
"abscesses"  in  dogs  and  in  cats:  of  course  the  pus  contained  n 
bacteria,  Croton  oil  produced  no  pus.  It  is  evident  that  Stein 
haus's  experiments  with  this  drug  did  not  differ  materially  froi 
the  experiment  of  Cheyne.  Dead  cultures  of  the  aureus  injecte 
into  dogs,  cats,  and  rabbits  produced  pus  "which  was  fully  identic* 
with  the  ordinary  bacterial  pus."  Dead  cultures  of  the  bacilln 
pyocyaneus  produced  pus  which  had  all  the  gross  appearances  o 
ordinary  pus.  Steinhaus  concludes  that  suppuration  can  tak 
place  without  bacteria — that  the  exciting  cause  is  due  to  th 
action  of  certain  chemical  substances,  which  are  the  products  o 
decomposition  produced  by  micro-organisms  and  also  of  morgan i 
substances  like  calomel.  Othet  substances  than  those  produced  b; 
the  pyogenic  cocci  may  also  cause  suppuration:  these  are  tin 
ptomaines  of  putrefaction,  like  cadaverin. 

From  all  the  above  data  it  must  be  conceded  that  //  is  possibh 
to  produce  suppuration  without  the  direct  intervention  of  bacteria^ 
but  all  are  agreed  that  mechankal  irritation  or  foreign  be 
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table  to  produce  suppuration  without  the  aid  of  bacteria,     A  few 
camples  have,   indeed,   been  found  of  suppuration  without  pus- 
xci.     Rosenbach  reported  hydatids  of  the  liver  as  the  cause  in 
wo  cases.      Bauingarten  mentions  the  jequirity-seed  as  a  cause  of 
lpputation   as  a   clinical   occurrence.     Possibly  the   number  of 
suppurative  inflammations  in  which   no  organisms  can   be  found 
h  time  be  increased.     Steinhaus  suggests  that,  inasmuch 
as  bacteria  are  cells  or  cell-like  structures  which  can  produce  pus, 
certain   circumstances    the   cells   which    form    the  animal 
m  may  possibly  also  produce  similar  substances.     In  other 
words,  he  says:   "  Are  we  not  justified  in  establishing  a  special 
class  of  autochthonous  inflammations  ?n     With  our  present  know- 
ledge, a  brief  sketch  of  which  has  been  given  in  the  preceding 
pages,  we  are  not  authorized  in  giving  an  affirmative  answer  to 
jstiom     It  would  be  misleading  to  do  so. 
It  should  not  be  assumed  that  all  suppurations  are  caused  only 
by  the  three   or   four    micro-organisms   already   mentioned.       It 
would  be  fair  to  say,  however,  that  the  great  majority  of  suppura- 
tions are  caused  by  these  forms.     The  bacillus  pyogenes  fcetidus 
was  found  by  Passet  in  the  pus  of  a  perirectal  abscess;  it  consists 
lort  staff  with  rounded  ends.     The  three  forms  of  saprogenic 
illi  described    by   Rosenbach    seem    to    have   mild   pyogenic 
ies,  probably  in  virtue  of  their  ptomaine-producing  power. 
The  bacillus  pyocyaneus  found  in  green  pus  is  a  short,  fine  rod, 
ery  likely  to  be  mistaken  for  a  micrococcus.     This  bacillus 
was  not  supposed  to  be  pyogenic   in   action,  but,   according  to 
Slciuhaus,   its  pyogenic  qualities   have  lately  been  demonstrated. 
E  C.  Ernst  has  recently  also  described  a  fluorescent  bacillus  taken 
from  the    psoas    abscess    of   a    child,    which    bacillus   produced 
abscesses  in  guinea-pigs  on   inoculation.      Steinhaus  has  shown 
that  the  micrococcus  tetragenus  is  capable  of  producing  suppura- 
ad  he  points  out  that   recent  experimentation  has  demon- 
strated similar  qualities   in   the   bacillus   anthracis,    the  typhoid 
-,  and  the  cocci  of  saliva  described  by  Biondi.     Welch  and 
others  have  many  times  found  the  bacillus  coli  communis  as  the 
cause  of  suppuration. 

history  of  the  micro-organisms  after  their  introduction  into 

///  must  next  be  followed.     This  process  has  been  studied 

bv  injecting  pure  cultures  of  the  pyogenic  organisms  into  animals 

ind examining  the  animals  at  varying  periods  after  the  operation. 

'  injected  cocci  taken  from  an  abscess  of  the  bone  into  the 

blood,  and  found  that  they  rapidly  disappeared.     During  the  first 
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twenty-four  hours  they  were  found  in  all  the  organs,  and  at  t] 
end  of  forty-eight  hours  in  the  kidneys  only.  He  conclude 
therefore,  that  the  first  step  in  the  process  of  infection  is  a  geucr 
dissemination  of  the  bacteria  throughout  the  body,  and  that  subs 
quently  they  disappear  from  most  organs,  but  remain  behind  i 
some  one  organ  which  contains  an  embolus  or  has  been  damagec 
Steiuhaus  injected  0.5  c.cm.  of  a  pure  culture*  of  the  staph  ylococ 
cus  into  rabbits.  No  local  reaction  occurred.  The  dose  wa 
probably  not  large  enough,  or  the  animals  were  not  susceptible  t 
the  particular  kind  of  organism  used.  At  the  end  of  six  days  th 
animals  were  killed  and  cultures  were  taken  from  the  interna 
organs,  growths  of  the  coccus  being  thus  obtained.  It  appeare 
that  the  organisms  disappeared  first  from  the  point  of  injectiot 
next  from  the  liver,  then  from  the  kidneys,  and  finally  from  til 
spleen  at  the  end  of  twelve  days.  No  infection  took  place,  tfa 
cocci  being  carried  from  the  point  where  they  were  introduce 
into  the  system  to  the  various  organs,  and  were  then  destroyei 
11 1. my  of  them  being  destroyed  also  at  the  point  of  entrance. 

These  experiments  correspond  with  Qgstou's  observation  th; 
the  cocci  are  present  in  the  blood  in  septicemia  without  producin 
suppuration,  and  that  they  are  excreted  in  a  living  state  in  tl 
urine.  Where  large  numbers  are  found  in  the  urine  Ogston  hi 
been  able  to  detect  the  presence  of  an  abscess  by  the  exauiinatic 
of  the  urine  alone.  In  Billroth' s  clinique  cocci  were  found  by 
Eiselberg  in  the  blood  of  individuals  affected  with  septicaemia  ai 
traumatic  fever,  but  no  cocci  were  found  in  the  blood  of  healtl 
individuals,  hi  septic  cases  micrococci  have  been  found  by  SUM 
and  by  the  writer  in  the  circulating  blood. 

The  rapidity  with  which  the  bacteria  are  eliminated  from  tl 
system  when  they  fail  to  get  the  upper  hand  is  remarkabl 
According  to  Chevne,  it  is  in  many  cases  a  matter  of  minul 
merely,  certainly  of  an  hour  or  two.  Their  disappearance, 
thinks,  must  be  due  to  an  active  destructive  action  upon  them 
the  constituents  of  the  blood.  Many  of  the  bacteria  are  probafc 
rapidly  eliminated  by  the  kidneys;  at  least  their  presence  li 
frequently  been  demonstrated  in  the  urine,  and  masses  of  coc 
have  been  found  in  the  kidneys  of  children  who  have  died  wii 
symptoms  of  acute  febrile  disorders. 

Experiments  on  animals  with  young  have  shown  shortl; 
the  injection  the  presence  of  bacteria  in  the  milk,  and  it  is  suj 
gested   by  Chevne   that   even  the  salivary  glands  and  the  parotid 
may  be  called  into  action.     It  is  probable  also  that  mauy 
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ait  removed  through  the  intestinal  mucous  membrane,  and  some 

vta  been  traced  into  the  respiratory  organs,  and  have  finally 
found  their  way  out  of  the  body  in  the  expectoration.      The   old 
"appealing  to  the  emunctories"  thus  receives  a  scientific 
endorsement. 

When  the  conditions  for  suppuratiou  are  favorable  an  itgection 
efitaphylococci  into  the  subcutaneous  tissue  of  an  animal  will  cause 
an  abscess.  Baumgarten  thus  describes  the  result  of  such  an  injec- 
tion; The  staphylococci  multiply  rapidly;  they  grow  into  the 
iibrillated   intercellular  substance   and   also   into   the   pre-existing 

:  the  tissue  and  the  vessel- walls  ;  already  twenty- four  hours 
after  the  injection  exudation  and  diapedesis  begin  ;  enormous 
numbers  of  polynucleated  leucocytes  are  found  between  the  fibres 
tit  the  tissue  ;  the  fibres  are  more  or  less  swollen,  and  the  lymph- 
spaces  are  distended  and  partly  filled  with  large,  round,  finely- 
granulated  cells,  which  are  the  altered  fixed  connective-tissue  cells, 
and  partly  with  clumps  of  leucocytes,  near  which  are  seen  the 
Urge  cystic  nucleus  of  the  neighboring  fixed  cell ;  the  small  vessels 
are  dilated  and  distended  with  blood,  and  in  many  places  lined 
with  leucocytes  ;  the  coccus-growth  becomes  more  and  more  vigor- 
ous and  tends  to  group  into  masses  ;  a  number  of  cocci  are  found 
in  the  leucocytes  aud  fixed  cells,  the  thickest  growth,  indeed,  being 
intracellular ;  no  difference  in  form  or  coloring  is  observed  between 
those  organisms  lying  in  and  those  lying  between  the  cells  ;  in  the 
centre  of  the  inflamed  focus  the  coccus-growth  and  the  infiltration 
of  leucocytes  form  a  more  or  less  continuous  mass,  except  that  the 
cocci  still  show  a  tendency  to  aggregation  in  groups  ;  on  the 
second  or  third  day  the  tissues  at  this  point  begin  to  soften  and 
liquefy,  and  the  result  is  an  abscess  ;  at  the  periphery  of  the 
inflamed  mass  the  coccus  and  leucocyte  infiltration  continues  to 
spread  ;  the  cocci  grow  in  thick  columns,  with  small  groups  here 
and  there  along  their  borders,  which  groups  separate  and  grow  into 
the  surrounding  tissue. 
Bonome,  who  experimented  with  the  aureus  in  order  to  produce 
abscess  to  show  that  the  cause  of  the  suppurating  abscess 
was  not  the  pneumonia  coccus,  describes  a  central  necrotic  zone 
which  included  more  or  less  the  debris  of  the  leucocytes  that  had 
immigrated  ;  outside  this  necrotic  zone  was  a  granular  zone  of 
leucocytes  ;  outside   this  granular  zone  was  a  hemorrhagic  zone  ; 

grounding  all  was  a  zone  of  catarrhal   pneumonia.     This 
i  he  terms  a  furuncle  of  the  lung,  and,  anatomically  con- 

I,  is  a  counterpart  of  what  occurs  in  furuncle  of  the  skin. 

jo 
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This  result  is  at  variance  with  what  Baumgarten  observed  in  his 
subcutaneous  injections  of  staphylococci,  Baumgarten  attributes 
the  occurrence  of  necrosis  of  the  tissue  involved  to  the  number  of 
cocci  used  for  the  experiment,  and  he  shows  that  when  other 
observers  employed  much  less  concentrated  doses  of  these  oi: 
isms  no  such  necrosis  of  the  lung  took  place,  Watson  Cheyn 
his  lectures  on  suppuration  accepts  this  view  of  a  coagulation- 
necrosis  of  the  tissues  in  abscess-formation,  and  it  is  therefore 
important  to  state  just  what  view  Baumgarten  takes  on  this  point. 
Baumgarten  concludes  that  the  occurrence  or  the  non-occurrence 
of  such  a  necrosis  depends  upon  the  number  of  cocci  original  ly 
introduced  and  on  the  rapidity  of  their  growth.  There  may  occur 
such  a  necrosis  as  Bonome  describes  in  the  lung  and  also  in 
furuncle,  but  it  would  not  probably  take  place  in  the  subcutaneous 
connective  tissue.  Necrosis  is  more  likely  to  occur  in  tissues  nol 
richly  supplied  with  blood-vessels,  such  as  the  valves  of  the  heart, 
the  deleterious  action  of  the  cocci  being  expended  upon  the  tissue 
before  diapedesis  takes  place  and  the  leucocytes  make  their  wa> 
into  the  infected  district. 

There  is  a  marked  difference  in  the  action  of  the  streptococcus. 
It  does  not  possess  the  same  tendency  to  promote  local  suppuratior 
that  is  seen  in  the  case  of  the  staphylococcus.  It  possesses  a  pecu 
liar  faculty  to  creep  along  through  the  tissues  without  producing 
suppuration.  The  short  life  of  the  staphylococcus  and  its  tendency 
to  break  down  the  tissues  do  not  favor  its  spreading.  According 
to  Ogston,  after  the  injection  into  animals  the  chains  of  cocc 
insinuate  themselves  between  the  cells  and  the  fibres  of  the  tissta 
and  form  a  sort  of  network,  and  a  "  waxy1'  change  occurs  in  tte 
parts  thus  involved.  Eventually  there  forms  a  protecting  wall  c 
granulation  tissue  which  prevents  further  progress  ;  but  before  tht 
wall  forms  septicemic  symptoms  prevail,  and  micrococci  in  pam. 
and  in  chains  are  found  in  the  blood:  as  the  granulation  tissi 
develops  the  constitutional  symptoms  subside  and  the  organist"? 
disappear.  According  to  Baumgarten,  the  streptococcus  is  not  s 
well  adapted  to  growth  in  the  body  of  an  animal  as  the  staphylo 
coccus.  When*  however,  it  does  grow,  it  produces  a  spreading 
inflammation,  more  like  erysipelas,  or  a  superficial  form  of  sup- 
puration with  less  tendency  to  a  breaking  down  of  the  tissue 
involved.  It  is  well  to  remember  here  that  the  behavior  of  these 
two  forms  of  cocci  in  the  living  tissues  corresponds  with  what  lias 
been  noticed  in  the  gelatin-cultures.  The  staphylococcus  exerts  a 
strong  peptonizing  action  upon  the  culture-soil,  and  liquefaction 
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lakes  place.  Its  tendency  to  form  pus  in  the  tissues  is  equally  well 
marked.  The  streptococcus,  which  does  not  have  the  same  tend- 
ency to  produce  suppuration,  fails  to  peptonize  and  liquefy  the 
gelatin.  It  has  been  observed,  however,  that  when  deprived  of 
oxygen  the  streptococcus  does  exert  a  decided  peptonizing  action 
H  boiled  albumin  and  beef;  consequently  under  favoring  condi- 
tions it  might  be  expected  to  cause  suppuration,  and  this  action  it 
xert  during  the  later  stages  of  the  period  of  its  invasion  of 
the  tissues. 

has  been  seen,  it  is  necessary  that  a  certain  number  of  the 
pyogenic  cocci  should  gain  entrance  into  the  system,  otherwise 
theysoou  disappear;  but  if  a  sufficient  number  has  taken  foothold 
tliev  will  be  carried  into  the  general  circulation,  either  through  the 
lymphatic  system  by  the  process  known  clinically  as  lymphan- 
pth,  or  direct  into  the  venous  circulation  by  gaining  an  entrance 
to  a  large  vein  near  the  inflamed  part.  The  cocci  invade  the 
vessel,  and  there  set  up  an  inflammation  which  terminates  in  a 
gdown  of  the  endothelium  and  the  formation  of  a  thrombus. 
(See  P\'cr/nrn,  p.  361.)  This  throin bo- phlebitis  terminates  in  a 
foiling  down  of  the  thrombus,  and  emboli  form,  which  spread  the 
onanisms  in  various  directions.  When  circulating  free  in  the 
blow!  they  soon  disappear  from  the  general  current,  being  found 
in  the  endothelium  of  the  capillaries  in  organs  where  the  stream 
las  in  the  marrow  of  bone),  in  the  glomeruli  of  the  kidney, 
and  in  the  spleen  and  liver. 

In  whatever  way  they  may  have  been  carried  to  the  part,  the 
bacteria,  when  once  established  there  in  sufficiently  large  numbers, 
bout  the  formation  of  an  abscess;  for  instance,  a  clump  of 
cocci,  when  once  caught  in  the  capillary  of  a  kidney,  fill  out  the 
vessel.  In  the  centre  of  the  mass  the  organisms  are  hard  to  dis- 
tinguish, but  at  its  border  the  individual  organisms  are  distinct. 
The  obstruction  gives  rise  to  an  accumulation  of  leucocytes,  which 
Jso  be  seen  within  the  vessel.  The  cocci  next  work  their 
way  through  the  capillary  wall  into  the  surrounding  uriniferous 
tubes,  and  here  is  soon  seen  a  change  in  the  character  of  the  kidney 
epithelium,  the  nuclei  losing  the  staining  power  and  being  seen 
only  with  difficulty.  These  are  the  first  changes  which  indicate 
the  formation  of  a  coagulation-necrosis  of  the  tissues  of  the  part, 
leucocytes  now  emigrate  from  the  neighboring  vessels.  If  the 
district  involved  is  of  any  size,  a  portion  of  the  kidney  is  event- 
ly  destroyed,  and  in  the  centre  of  the  necrosed  portion  is  found 
mass  of  micrococci.    This  is  the  type  of  abscess-formation  so  well 
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described  by  Cheyue.  He  says:  il  Staining  sections  of  tissue  ii 
which  these  plugs  are  present  with  ordinary  aniline  dyes,  it  v 
found  that,  while  the  mass  of  organisms  is  internally  stained  and 
while  the  nuclei  in  the  section  have  become  well  colored,  there  is 
a  ring  of  tissue  around  the  central  mass  of  organisms  which  docs 
not  take  on  the  stain,  and  which  presents  a  homogeneous,  ( 
lucent  appearance.  This  ring  evidently  results  from  the  action  of 
the  concentrated  products  of  the  micrococci,  the  tissue  being 
brought  into  the  condition  of  coagulation-necrosis.  After  some 
bonis  a  second  ring  appears  at  a  greater  distance  from  the  mass  of 
organisms,  this  ring  being  composed  of  a  dense  layer  of  leucocytes 
apparently  collecting  where  the  chemical  substances  are  more  dilute 
and  do  not  interfere  with  the  life  of  the  cells.  As  time  goes  oil  tlit 
intermediate  translucent  layer  becomes  infiltrated,  on  the  ouc  I 
with  cocci  from  the  central  plug,  and  on  the  other  hand  with  cell 
from  the  outer  ring,  and  the  original  tissue  rapidly  disappears 
probably  as  the  result  of  the  peptonizing  action  of  the  cocci.  A 
the  same  time  the  fluid  effused  does  not  coagulate,  probably  tbi 
on  account  of  the  peptonizing  action  of  the  cocci  on  the  fibrinogen 
and  thus  we  come  to  have  a  central  collection  of  fluids  containing 
leucocytes  and  micrococci,  surrounded  by  a  wall  of  leucocytes  am 
cocci — in  other  words,  an  abscess.'* 

The  quality  which  the  streptococcus  possesses  of  producing  a  coag 
u/adou-necrosis  is  shown  in  its  tendency,  when  it  invades  a  mucou 
membrane,  to  produce  a  diphtheritic  inflammation.  This  tendenc" 
is  seen  in  the  initial  stages  of  puerperal  fever  when  the  vaginal  an 
uterine  mucous  membranes  are  first  invaded  by  the  streptococc 
The  feeble  peptonizing  power  which  the  streptococcus  possesses  a 
first  appears  to  gain  in  strength  after  remaiuing  some  time  i: 
tissue,  and,  accordingly,  in  the  later  stages  of  puerperal  fever  tU 
same  organisms  seem  capable  also  of  developing  metastatic  supp 
ration.  In  erysipelatous  inflammations  the  streptococcus  does  tk 
remain  long  enough  in  the  skin  to  acquire  this  property;  cons 
quently  it  is  found  that  abscess-formation  in  this  disease  is  rar< 
Its  growth  in  the  subcutaneous  tissues  produces  at  first  a  fibrinous 
or  a  sero-fibrinous  inflammation;  consequently,  local  circumscribed 
collections  of  pus  or  abscess-formations  do  not  take  place  in  many 
cases. 

As  already  stated,  considerable  numbers  of  organisms  may  be 
injected  into  the  body  of  an  animal  and  may  disappear  with  great 
rapidity.      Under  what  circumstances  do  we  find  an  active  gr 
of  these  organisms  f     Cheyue,  who  lias  treated  this  subject  at 
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first  calls  attention  to  a  point  about  which  more  will  be  said 
in  discussing  the  etiology  of  pyemia.     Suffice  it  t>>  say  here  that 
kanictd  vendition*  are  often  necessary  to  enable  the  cocci 
in  a  lodgment  in  the  tissues.     Thus,  Ribbert  was  unable  to 
multiple  abscesses  in  rabbits  by  injecting  moderate  quanti- 
ties of  cocci  into  the  circulation,  but  if  the  organisms  were  mixed 
with  fragments  of  the  potato  on  which  they  were  grown,  he  was 
bie  to  obtain  deposits  of  the  organisms  in  the  muscular  tis- 
sues of  the  heart  as  well  as  in  other  organs. 

But  it  is  not  simply  necessary  that  the  organisms  should  obtain 
I  lodgment:  the  state  of  the  tissues  in  which  they  are  arrested  is  an 
..nit  factor  also  in  the  question  of  suppuration.     Experiments 
on  animals  seem   to  show  that  a  diminution  in  the  vitality  of  the 
pari  is  favorable  to  their  development.     Thus,  Cornil  was  able  to 
septic   nephritis  by  ligaturing  the   renal  arteries  for  some 
time,  and,  after  removing  the  ligature,  by  injecting  pyogenic  cocci 
•he  circulation. 
Analogous  to  this  are  the  well-known  experiments  of  Kocher, 
who  produced  osteomyelitis  in  animals  by  injecting  certain  chem- 
ical substances  into  the  medulla  of  their  bones  and  afterward  feed- 
ing them  with  putrid  food.      Septic  infection,  taking  place  through 
stinal  canal,  found  its  way  to  the  injured  part.     The  same 
result  was  obtained  by  fracturing  bones  and  injecting  cocci  into  the 
circulation. 

e  has  studied  the  influence  of  inflammation  in  favoring 
growth  of  bacteria  in  a  part.  In  the  first  stage  of  inflammation 
tlic  vital  activity  of  the  tissue  is  suspended;  the  second  stage  is 
that  of  healthy  vigorous  granulation;  and  in  the  third  stage  the 
cicatricial  tissue  is  a  less  active  type  of  growth. 

up  an  inflammation  in  a  rabbit's  ear  with  croton  oil,  the  other 
our]  0868  Of  comparison:  anthrax  bacilli  were  then 

into  ibe  tip  of  the  tail.  During  the  first  stage  of  inflammation  there 
was  very  marked  increase  in  the  number  of  bacilli  in  the  capillaries  of  the 
inlbrcw!  part  as  compared  with  the  number  present  in  a  similar  part  of  the 

ear,     As  the  inflammation  passed  into  the  second  stage  the  number 

1  fa  the  capillaries  of  the  inflamed  part  gradually  diminished,  until, 
when  this  stage  was  at  its  height,  the  bacilli  had  completely  disappi 

1  they  were  present  in  large  numbers  in  the  capillaries  of  the  other 
or.   During  the  third  stage,  when  the  inflammation  had  subsided,  the  bacilli 

•peared,  and  were  found  in  considerable  numbers  in  the  newly-formed 
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Cheyne  argues  from  these  experiments  that  severe  inflammation 
does  not  tend  to  a  deposit  in  the  part,  but  that  in  less  severe  in  flam- 
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inatioti  the  pyogenic  organisms  may  pass  out  of  the  vessels  and 
up  suppuration.  Thus  acute  osteomyelitis  and  local  tubercular  dis- 
eases frequently  stand  in  some  relation  to  injur}'.  They  are  not,  as 
a  rule,  attributed  to  severe  injuries,  but  to  some  slight  blow  or  a 
sprain.  As  Cheyne  points  out,  injury  is  an  important  predisposing 
cause  for  suppuration;  it  may  act  in  two  ways:  not  only  in  the 
manner  above  referred  to,  but  also  by  leading  to  an  effusion  of 
blood,  thus  enabling  the  pyogenic  cocci  which  may  be  circulal 
in  the  blood  to  pass  out  of  the  vessels  and  find  in  the  cellular  tissue 
a  suitable  place  for  their  development.  The  laceration  of  the  valves 
as  an  element  in  the  artificial  endocarditis  alluded  to  farther  on f 
and  the  experimental  fracture  of  bones  above  mentioned,  are  exam- 
ples of  the  effects  of  injury  in  promoting  infection.  Anyt 
interfering  with  the  integrity  of  the  tissues  is  a  predisposing  cause 
of  suppuration.  Irritation  with  strong  antiseptics  may,  as  Hals 
has  shown,  lower  the  vitality  of  the  surface  of  a  wound  and  thn* 
favor  suppuration.  Bruising  and  tension  of  the  tissues  are  als* 
predisposing  causes.  Dead  spaces  and  foreign  bodies  remov* 
bacteria  from  the  influence  of  the  living  tissue  and  the  fluids 
and  thus  place  them  in  conditions  more  favorable  for 
growth. 

The  anatomieal  arrangement  of  the  part  may  also  prove  a 
important    factor   in    the    production   of    suppuration.       In    acuB 
osteomyelitis  the  inflammation  is  limited  to  certain  bones  and  ■ 
certain  parts  of  bones,  such  as  the  epiphyseal  line  in  longbt>: 
This  predilection  may  be  explained  by  the  presence  of  a  large  a: 
of  growing  young  tissue,  by  the  vascularity  of  the  part,  or  by- 
slowness  of  the  circulation. 

The  state  of  the  blood  is  also  of  importance,  as  exhibited  by 
well-known  tendency  of  carbuncle  to  form  in  cases  of  diabetc 
Whether  the  presence  of  sugar  in  the  blood  directly  favors  tli 
action  of  the  pyogenic  cocci  does  not  appear  to  have  been  proved 
satisfactorily,  and  experiments  upon  this  subject  are  conflicting. 
It  is  probable  that  the  diminished  vitality  of  the  system  is  a  more 
probable  cause  than  the  presence  of  sugar.     Gartner's  experiments 
show   that,  with  small  quantities  of  the  aureus,  infection  more 
idily   takes    place    in    anaemic    subjects,    thus   explaining  the 
frequency  of  boils  in  individuals  who  are  not  in  a  robust  condition 
of  health. 

The  literature  on  the  question  of  the  season  of  the  yea r  as  an 
influence  affecting  suppurative  disease  presents  nothing  of  special 
scientific  value.      In  the  winter  months,  when  hospital   wards 
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imperfectly  ventilated,  the  number  of  cocci  in  the  air  is  increased . 
In  the  close  and  squalid  dwellings  of  the  poor  in  large  cities  the 
conditions  are  much  more   favorable  for  the  growth  of  pyogenic 
;ns  th .in  they  are  in  country  dwellings  iu  a  good  sanitary 
neighborhood. 
According  to  Cheyne,  acute  osteomyelitis  is  reported  exceeding- 
ileiit  in  certain  parts  of  Switzerland  and  Germany,  but  the 
•ioubts  whether  locality  has  any  special  influence  upon  the 
Notwithstanding   the  greater   prevalence   in  Europe  of 
bone-deformities  from  rickets  and  other  diseases,  which  is  apparent 
tm  bo  the  layman's  eye,   the  writer   is  inclined  to  think  that 
suppurative  diseases  of  bone  occur  quite  as  frequently  in  America. 
The  conclusions  which  may  be  drawn  from  all  these  studies  of 
the  etiology  of  suppuration  are— that  in  Mian,  zviihfeiv  rare  e.vcep- 
twits,  suppuration  is  caused  by  mitro-organisms,  and  that  in  the 
grtoi  majority  of  casts  these  organisms  are  staphylococci  or  strcpto- 
Experimentally,  suppuration  can  be  obtained  by  purely  chem- 
ical substances,  such  as  calomel,  or  by  the  ptomaines  derived  from 
the  action  of  organisms  upon  living  or  upon  dead  substances.     The 
practical  conclusion  to  be  derived  from  such  experiments  is  that  chem- 
lances  play  a  prominent  pa)  t  in  the  production  and  the  spread 
vfiuppurattou,  hut  they  are  dependent  upon  organisms  for  their  dei'ct- 
These  substances  are  liberated  by  the  cocci  either  from  them* 
selves  or  from  the  tissues  from  which  they  derive  their  nourishment. 
The  pyogenic  cocci  cannot,  however,  always  produce  suppuration; 
ng  healthy  tissues  are  antagonistic  to  them.     They  gaiu  an 
entrance  and  are   able  to  grow  only  when  present  in  sufficiently 
large  numbers.     Even  then  they  may  be  dissipated  if  the  absorp- 
wer  is  sufficiently  active.      But  if  the  vitality  of  a  part  is 
i  by  traumatic  inflammation,  or  if  there  are  large  effusions 
which  cannot  readily  be  absorbed,  then  they  find  a  soil  favorable 
ir  growth.     The  pus-producing  power  of  the  pyogenic  cocci 
ieemsto  lie  in  their  ability  to  liquefy  the  fibrinous  exudation  of 
inflammation.     In  large  numbers  or  in  certain  forms  they  exert  a 
chemical  action    upon    the    tissues    which    produces   a   necrosis. 
limination  from  the  body  mav  occur  either  through  death 
bacteria  in  various  organs  or  by  the  action  of  excretory 
To  wbat  extent  they  are  excreted  is  not  yet  clear.     It  is 
ie  that  the  leucocytes  are  engaged  in  a  struggle  with  the 
Wed,  and  that  pus  exerts  a  deleterious  action  upon  the  organisms 

Cujjh  the  chemical  substances  evolved.     It  is  probable  also  that 
cria  die  rapidly  in  pus  from  phagocytosis  or  from  starvation, 
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and  pus  is  a  vehicle  in  which  they  are  discharged  from  the  body. 
Fatal  infections  from  the  cadaver  aTe  not  usually  marked  by  local 
reactions  or  by  suppuration.  The  process  of  suppuration  rnav 
therefore  be  regarded  as  serving  a  useful  purpose,  and  is  one  of  the 
most  important  weapons  employed  by  nature  in  resisting  the 
invasion  of  bacteria. 

This  branch  of  the  subject  cannot  be  passed  by  without  som< 
allusion  to  the  question  of  immunity. 

Bacteria  may  bring  about  diseased  conditions  by  the  action  of 
an  albuminoid  substance  which  they  possess  in  their  bodies,  an< 
which  is  thought  by  some  to  be  liberated  during  the  process  ol 
degeneration  of  the  microbe.  This  substance  is  known  as  i 
bacterial  proteid.  They  may  also  produce  disease  by  the  forma 
tion  of  a  toxic  substance  in  the  tissues  during  their  growth. 

In  the  former  case  an  intoxication  is  produced  by  the  absorp 
tion  of  a  poison  developed  by  the  bacteria  themselves.  In  th 
latter  case  the  tissues  are  so  modified  by  the  proteids  that  ther 
is  formed  in  them  a  chemical  substance  known  as  a  toxaltmmm 
which,  being  absorbed,  produces  the  constitutional  symptoms,  an 
in  suppuration  causes  the  destruction  and  degeneration  of  tli 
attracted  leucocytes,   which   thus  collect  as  pus. 

Immunity  is  quite  a  complex  condition,  and  it  appears  to  exis 
in  certain  individuals  in  virtue  of  a  chemical  substance,  foun 
there  or  formed  as  the  result  of  bacterial  action,  which  is  eith« 
hostile  to  their  development  or  acts  as  an  antidote  to  the  poiso 
they  produce.  It  is  also  brought  about  by  the  action  of  tfc 
bacteria  in  producing  an  inflammatory  reaction  in  the  tissues,  5 
the  result  of  which  a  large  number  of  phagocytes  make  the 
appearance  in  the  tissues. 

This  power  of  attracting  cells  is  known  as  cliemataxis,  and 
due  to  chemical  attraction  or  to  irritation  produced  by  the  protei< 
of  the  bacteria.  The  cheinotactic  action  of  pure  protein,  as  it 
Inn  ml  in  cultures  of  bacteria,  is  very  intense.  This  attraction  ca 
be  exerted  by  bacteria  whether  living  or  dead;  it  is  not  confine* 
however,  to  bacteria.  Products  of  other  living  substances  can  ac 
as  chemotactically  as  those  of  bacteria. 

The  proteid  material  may  also  be  liberated  by  disintegrating 
tissues,  and  the  process  of  absorption  may  in  this  way  be  broughl 
about,  the  leucocytes  thus  attracted  carrying  away  a  certain  amount 
of  refuse  in  their  bodies.  This  power  is  possessed  by  finely-pow- 
dered substances  in  different  degrees.  Gold,  silver,  and  iron  exert 
very  little  irritation  of  this  kind,  but  copper  and  mercury  are  highly 


chemotactic.     Chemotaxis  is  said  to  be  positive  or  negative  accord 
;as  there  is  attraction  or  repulsion. 

>chnikofF  thus  explains  how  immunity  is  effected  from 
certain  disease  after  one  attack.  Chemotaxis,  being  variable,  may 
be  converted  from  positive  to  negative,  or  vice  versa.  In  mild 
forms  of  infection  substances  may  attract  cells  which  in  virulent 
they  repel.  If  a  mild  or  attenuated  virus  is  used,  ehemo- 
U  first  negative,  will  change  to  positive,  and  the  phagocyte 
will  thus  be  induced  to  attract  or  attack  the  invading  element  of 
disease.  The  MetschnikorT  school,  on  the  one  hand,  finds  a  suffi- 
cient explanation  for  immunity  in  phagocytosis  alone.  The  Ger- 
man school,  on  the  other  hand,  points  out  that  the  leucocytes  may 
exert  a  phagocytic  action  if  the  bacteria  are  present,  but  repair  and 
cure  may  also  take  place  when  the  chemical  products  alone  of  bac- 
teria are  present.  In  such  eases  they  are  agreed  that  the  process  is 
due  to  an  antidote — a  protective  or  defensive  proteid  or  autitoxine 
—which  may  be  the  product  of  these  cells  or  be  furnished  from  the 
blood.  In  fact,  the  normal  tissues  seem  to  possess  the  power  of 
rendering  inert  many  kinds  of  organisms  which  may  have  gained 
access  to  them.  The  antiseptic  properties  of  blood-serum  are  now 
generally  recognized.  These  properties  are  due  to  the  existence 
ot'i  substance  known  as  globulin,  Hankin  has  isolated  from  the 
spleens  and  livers  of  various  animals  a  proteid  having  the  power 
of  killing  bacteria,  and  he  has  found  that  this  substance,  though 
absent  from  normal  blood,  may  be  obtained  from  the  blood  of 
animals — an  interesting  point  throwing  light  upon  the  pro- 
of attempts  to  reduce  fever  in  septic  cases.  It  was  therefore 
inferred  that  those  animals  which  were  refractory  to  certain  dis- 
eases, and  those  made  immune  by  vaccination,  would  be  able  to 
produce  defensive  proteids;  and  this  has  been  found  to  be  the  case. 
In  certain  cases  the  blood-serum  is  found  to  destroy  the  poison 
produced  by  the  bacteria,  but  not  the  bacteria  themselves;  that  is, 
the  serum  is  antitoxic.  Hankin  thus  defines  immunity:  "Immu- 
nity, whether  natural  or  acquired,  is  due  to  the  presence  of  sub- 
stances which  are  formed  by  the  metabolism  of  the  animal  rather 
it  of  the  microbe,  and  which  have  the  power  of  destroying 
the  microbes  against  which  immunity  is  possible  or  the  products 
on  which  their  pathogenic  action  depends." 

If  the  nature  of  these  protective  substances  could  be  determined 
and  they  could  be  extracted  from  the  blood,  the  physician  would 
then  possess  the  power  of  neutralizing  disease.  Behring  and  Kita- 
satohave  already  experimented  successfully  in  this  most  important 
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and  suggestive  field  of  therapeutics.  They  have  not  only  been 
able  to  render  animals  immune  to  certain  diseases,  and  to  check 
the  course  of  the  disease  when  it  was  already  well  advanced,  as  in 
hog  cholera,  but  they  have  also  been  able  to  apply  these  principles 
to  certain  diseases  of  man,  and  their  success  in  the  treatment  of 
diphtheria  and  tetanus  has  raised  hopes  for  a  brilliant  future  in  this 
line  of  therapeutics. 


Srppt* ration  takes  place  iu  the  tissues  by  virtue  of  the  peculiar 
peptonizing  or  digestive  action  which  the  bacteria  exert  upou  them. 
\Vhen  this  action  is  exerted  in  an  intense  degree  the  chemical  sub- 
stances produced  bring  about  a  change  in  the  cells  and  in  the  inter- 
cellular substance  of  the  part  known  as coagiilafiori-nrtrosis,  where- 
\y\-  the  cells  grow  more  indistinct  and  do  not  react  in  a  characteristic 
way  to  staining  reagents,  and  the  intercellular  substance  assumes  a 
more  or  less  homogeneous  appearance.     A  necrosis  of  the  tissues  is 
not  always  necessary  to  produce  suppuration,  but  the  changes  in 
the  affected  tissues  are  what  one  would  expect  from  an  intense  irri- 
tation.    In  the  beginning  the  same   changes   that   occur   in   the 
lighter  forms  of  inflammation  are  noticed.     Some  cedema  of  the 
part  is  first  observed,  with  an  increase  in  the  size  of  the  fixed  cells 
and  a  proliferation  of  these  cells,  and  karyokinetic  changes  may  be 
found  in  many  of  their  nuclei.      At  the  same  time  there  is  a  large 
nidation  of  leucocytes,  and  the  intercellular  substance  under- 
•  ,i  raucous  softening  which  gives  it  a  homogeneous  or  a  gran- 
ular appearance.     The  mucous  transformation  of  the  intercellular 
■inning  of  the  softening  of  the  tissues,  and  at 
time  there  may  be  found,  in  sections  of  such  tissue,  red  blood- 
corpnseles  mingled  with  cells  in   mitosis  and  young   tissue-cells. 
•  me  of  pus  is  approached  the  leucocytes  preponderate  over 
all  other  types  of  cells,   and   the  intercellular  substance  becomes 
still  softer.     At  this  point  also  are  seen  pyogenic  organisms  in  con- 
siderable numbers:  as  the  virus  acts  more  and  more  intensely  on 
the  part  the  cell -structures  break  down,  being  digested,  as  it  were, 
by  the  chemical  substances,  and  the  intercellular  substance  lique- 
fies, and  there  results  a  fluid— namely,   pus — in   place  of  a  solid 

r-are  two  forms  of  leucocytes— the  single-nucleated  and  the 

poh"nucleated .      The  polynucleated  cell,  which  is  the  type  of  the 

pus-corpuscle,  possesses  two  or  three  nuclei,  or  peculiarly  deformed, 

&cojt<  or  sickle-shaped  nuclei.      The  nuclear  changes   are   not 

US 


supposed  to  be  those  which  precede  cell-division,   but  are  more 
probably  indicative  of  a  breaking  down  of  the  nucleus. 

The  single-nucleated  cell  is  not  seen  iu  large  numbers  in  acut 
inflammation,  but  in  later  stages  of  the  latter  and  in  chronic  forms 
it  is  more  common.     The  nucleus  is  larger  than  that  of  the  pus- 
cell.     It  comes  from   the  blood,  but  the  tissue-cells  produce  also 
similar  cells  called  u  wandering  cells  "  (Ziegler). 


¥)>;,  27. — Metastatic  Abscess  or  Kidney:  plugs  of  micrococci  in  central  necrosis,  with 
rounding  cell-infiltration  (oc.  J,  obj.  A  [. 

If  the  bacteria  have  accumulated  in  a  mass  at  any  given  po 
— as,  for  instance,  in  a  capillary  loop  of  the  kidney  or  in  the 
succulent  tissue  of  a  bone — the  concentration  of  the  virus  produces— 
a  coagulation-necrosis  of  the  immediately  surrounding  tissue,  an<L 
there  is  developed  a  central  point  around  which  the  abscess  forms. 
The  Leucocytes  soon  accumulate  in  enormous  numbers  around  sucli 
a  mass  of  dead  tissue,  and  if  the  abscess  is  examined  at  this  stage 
tl\ere  will  be  found  in   the  centre  of  it  a  cluster  of  micrococci 
imbedded   in  a  mass  of  necrosed   tissue,   forming  a  more  or 
transparent  zone  around  them  (Fig,  27).     Surrounding  this  m 
of  broken-down  tissue  is  a  wall  of  leucocytes.     As   the   abscess 
grows  in  size  the  leucocytes  wander  into  the  necrosed  area  and 
mingle  with  the  micrococci.     Many  of  the  foremost  ranks  of  the 
walls  of  Leucocytes  are  separated  from  their  neighbors  by  the  lique- 
faction of  the  intercellular  substance,  which  liquefaction  is  ca 
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peptonizing  action  of  the  bacteria.     In  this  way  the  area 
of  fluid  material  is  constantly  enlarged.     In  the  outer  portion  of 
the  wall  of  leucocytes  many  fixed  cells  of  the  surrounding  t 
are  lo  be   found   in  a  state  of  proliferation.      The  growth  of  the 
abscess-cavitv   is  caused  by  the  bacteria  iuvading  the   surround- 
tissues  and  the   progressive  softening  which  takes  place   in 
the  way  indicated.     The  tension   of  the  tissues  over  some  point 
in    the  abscess-cavity  becomes  very  great  from  the  pressure  of  the 
enclosed  fluid,  and  the  vitality  of  the  tissue  is  also  impaired  by 
tlt<  septic  infection;    softening  or  necrosis   takes    place,   and   the 
at*scess  M  points"  and   breaks   and   the    contents    are    discha: 
j\^n  iibscess  may  therefore  be  defined  as  a  circumscribed  collec- 
ts i  on  of  pus. 

The  tissue  lining  the  walls  of  the  abscess-cavity  is  called  '*  gran- 
ulation tissue/11  and  it  is  by  the  growth  of  this  tissue  that  the  cav- 
jt>  "is  filled  up  and  repair  is  effected.     The  tissue  thus  formed  con- 
tiiefh    of  small   round   cells  with    very   little  intercellular 
substance,  and  is  very  rich  in  capillary  blood-vessels.     The  poly- 
•nxicleated  cells,  which  are  numerous,  are  cells  which  are  breaking 


A  of  Wall  of  Lung  abscess,  natural  injection  (oc.  3,  obj.  A.)- 

farnand  about  to  be  thrown  off  from  the  surface  as  pus-corpuscles 
Wto  be  absorbed  or  to  serve  as  food  for  the  cells  which  are  building 
up  new  tissue.     There  are  also  a  number  of  leucocytes  with  single 
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nuclei,  and  of  larger  cells  each  with  a  large  oval  bright  nucleus, 
which  are  called  ''epithelioid  cells  "  from  their  resemblance  to  epi- 
thelium. These  cells  are  also  called  "  fibro!>  which  presently 
become  more  numerous  than  the  pus-cells,  and  which  are  the  active 
agents  in  the  process  of  repair,  as  will  presently  be  seen. 

The  wall  of  the  cavity  is  at  first  lined  with  pus  and  shreds  of 
broken-down  tissue,  but  when  all  this  has  been  discharged  the 
lining  membrane  is  found  to  cousist  of  a  richly  vascular  tissue 
studded  with  numerous  little  red  nodules,  which  are  called  "gran- 
ulations," and  the  tissue  of  which  they  are  composed  is  the  gran- 
ulation tissue  above  described  (Fig.  28). 

The  group  of  symptoms  which  characterize  suppuration  gives  8 
picture  of  septic  inflammation  of  the  most  marked  type.     The 
matioii  of  an  abscess  is  accompanied  by  a  great  amount  of  swelling 
of  the  surrounding  tissues,  which  are  made  tense  and  brawn  \ 
the  exudation  with  which  they  are  infiltrated.      A  bright  red  blush 
extends  even  to  the  surrounding  tissues.     As  the  tension  increas 
the  pain  becomes  acute  and  is  of  a  throbbing  or  of  a  boring  cha- 
racter.     The  constitutional  disturbance  is  also  great,  and  the  adven 
of  suppuration  is  usually  indicated  either  by  a  chill  or  by  a  suddei 
rise  of  temperature. 

As  the  pus  approaches  the  surface  the  tissues  near  the  centre 
the  inflamed  area  become  softer,  and  on  pressure  with  the  fin 
are  said  to  "fluctuate."    The  integuments,  however,  are  tense, 
they  become  stretched  and  thinner,  and  finally  a  whitish  spot  in 
cates  the  near  approach  to  the  surface  of  the  fluid  contents  of  t 
abscess,     At  this  stage  the  pain  is  most  acute  and  the  febrile 
turbance  is  usually  at  its  highest  point.     When  the  abscess  brea*_  ~j 
and  the  pus  discharges  freely,  both  local  and  constitutional  syrt— » 
toins  subside. 

The  surface  of  the  abscess-wall  is  now  found  covered  with  shr^^-^ 
of  broken-down  tissue.     On  scraping  this  tissue  away  a  layer     ^cz 
firmer  tissue,  the  granulation  tissue  is  reached  which  separates    ft?   1 
suppurating  area  from  the  surrounding  tissues.     In  two  or  thru 
days  the  wound  "cleans  off,"  and  the  shreds  are  discharged  witli 
flow  of  pus,  and  red  granulations  are  seen  lining  the  walls  of  th 
cavity. 

LTus  is  a  yellowish -white  substance  of  the  consistency  of  cream^ - 
and,  in  what  may  be  said  to  be  its  natural  condition,  is  odorless  an 
□  alkaline  or  faintly  acid  reaction;  under  the  microscope  pus 
ud  to  contain  a  large  number  of  cells  known  as  pus-corpuscles. 
When  this  fluid  is  allowed  to  stand  for  several  hours  a  sedimen 


formed  which  is  composed  almost  entirely  of  these  corpuscles. 
There  are  also  found  some  broken-down  tissue-cells,  fragments  of 
fibrous  tissue,  and  various  forms  of  bacteria,  principally  the  pyo- 
genic cocci  {Pig.  29).    There  is  a  certain  amouut  of  granular  debris, 
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Fig.  29. — Pus-cells,  with  Staphylococci. 

which  is  the  result  of  the  breaking  down  of  leucocytes  and  blood- 
plaques.  The  liquor  purism  or  pus-serum,  is  a  pale,  yellowish  fluid, 
which  differs  somewhat  from  blood-serum  in  containing  the  prod- 
the  decomposition  of  tissues  during  the  suppurative  process, 
such  aa  leucin  and  tyrosin.  Pus-serum  also  contains  a  substance 
known  as  peptone.     The  principal  source  of  the  pus-cells  is  the 


-iV-ccll.s  treated   with  Acetic   Acid,  and  Crenaled   Red  Blood-corpuscles  (uc.  4, 

obj.  D.), 

which  the  leucocytes  migrate  to  the  focus  of  suppura- 
tion.   When   treated  with    acetic  acid  and   the   various   staining 
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methods  these  corpuscles  (Fig.  30)  are  found  to  contain  several 
nuclei.  This  polynuclear  condition  is  not  a  sign  of  cell-activity, 
but  rather  one  of  degeneration.  Many  of  the  cells,  however^  when 
examined  in  the  fresh  state,  have  amceboid  movements.  The  tis- 
sue-cells are  represented  to  a  certain  extent  among  the  pus-corpus- 
cles, but  their  number  is  quite  limited.  The  polynuclear  leucocyte 
should  therefore  be  regarded  as  the  type  of  the  pus-corpuscle. 
Micrococci  are  rarely  seen  in  the  interior  of  pus-cells,  but  they  are 
usually  found  between  them  floating  in  the  pus-serum.  Pus  was 
formerly  known  as  good  or  laudable  pus.  Until  recently  several 
varieties  of  pus  have  been  described,  but  the  names  given  to  them 
are  now  but  little  used. 

Ichor  is  a  name  given  to  pus  in  a  state  of  decomposition.  The 
pus-cells  are  few  in  number  and  the  bacteria  of 
decomposition  abound. 

Sanies  is  pus  usually  in  a  more  or  less  decom- 
posed condition,  and  is  mixed  with  blood.  These 
forms  of  pus  are  very  irritating  and  have  either 
a  strongly  acid  or  an  ammoniacal  reaction. 

Blue  pits  is  caused  by  the  presence  of  the 
bacillus   pyocyaneus.     It    has   no   special    s 
nificance  and  is  rarely  seen.     In   acute   forms*, 
of  septic  inflammation  deposits  of  an  orange 
color  are  occasionally  found  on  suppurating  sur— 
faces.     This  color  is  due  to  the  presence  of 
haeinatoidin  crystals,  the  result  of  the  presence 
of   red    corpuscles    in    the    exudation.      It    is 
thought  by  Verneuil  to  indicate  an  unfavorable 
prognosis. 

Tubercular  pus,    which   is   a   pale,    chalky 
fluid,  contains  but  few  pus-corpuscles  and  no 
pyogenic  cocci.     The  sediment  consists  of  the 
products  of  broken-down  tissue  and  of  a   i 
tubercle  bacilli. 

Red  pus   has    recently   been    described   by 
VyJ  /  Ferchmin.     It  is  said  to  be  due  to  the  pres- 

ence of  a  bacillus  whose  length  is  about  one- 
third  the  diameter  of  a  red  blood-corpuscle. 
The  bacillus  has  no  spontaneous  movements 
and  is  colorless,  but  it  is  readily  stained  by 
Gram's  method.  It  grows  best  at  a  temper 
The  cultures  on  blood- serum  have  a  bright  red 


Kic  31.— Sterilized 

tube    and 
lor  collecting  pus  and 
flunk  for  bacteriolog- 
ical examination. 


ature  of  36' 


INFECTIVE.  INFLAMMA  Th  '.V 


161 


color,  which  later  changes  to  violet.     It  was  observed  in  fourteen 
cases  in  the  clinic  at  Charkow,     The  red  pus  is  best  seen  on  the 
white  dressings  when  first  removed.     It  can  readily  be  distinguished 
from  blood  with  little  practice.     If  allowed  to  dry  upon  the  dress- 
ing, it  does  not  change  color,  whereas  blood  spots  soon  become  a 
re  color. 


3,  Absckss. 


Abscesses  may  in  a  general  way  be  classified  (1)  as  superficial  or 
subcutaneous,  and  (2)  as  deep-seated  or  subfascial.  The  pus  ai  it 
forms  spreads  in  the  direction  of  least  resistance,  and  an  abscess 
may  thus  become  very  greatly  enlarged.  The  loose  subcutaneous 
tissue  offers  a  favorable  route  for  the  extension  of  the  inflammatory 
process,  while  the  fascia  presents  great  resistance,  so  that  the 
superficial  abscess  may  spread  horizontally  for  a  considerable 
distance,  instead  of  burrowing  down  into  the  tissues  beneath. 

The  subfascial  abscess  dissects  its  way  along  the  sheaths  of  the 
nnscles  and  blood-vessels,  and  may  even  separate  the  periosteum 
from  the  bone.  The  anatomical  arrangement  of  the  fasciae  and 
the  space  which  they  enclose  often  determines  the  route  these 
abscesses  pursue. 

In  the  neck,   for   instance,   wilt   be   found   the   deep  cervical 
abscess,  wtiich  forms  in  the  upper  triangle  of  the  neck  in  one  of 
the  lymphatic  glands   situated   near   the   angle   of  the  jaw,   and 
burrows  downward,  sometimes  to  the  anterior  mediastinum,  owing 
to  its  inability  to  penetrate  the  deep  layer  of  the  cervical  fascia. 
A  Still  deeper  abscess  in  this  region  is  the  retropharyngeal,  or  the 
11  retrovisceral  abscess,11   as  it  is  sometimes  called.     This  abscess 
occupies  the  space  between  the  oesophagus  and  spine,  which  space 
is  filled  with  loose  connective  tissue,  permitting  the  pus  to  burrow 
downward  into  the  posterior  mediastinum.     Laterally,  this  space 
is  shut  in   by   the  sheath   of  the  blood-vessels,   which    is  quite 
elding  in   the  upper  portion  of  the  neck,  but  at  the  level  of 
the  inferior  thyroid   artery  the   connective   tissue   becomes  loose 
igain,  and  permits  pus  to  escape  from  the  retrovisceral  space  into 
the  prcvisceral  region,  where  it  may  burrow  upward  in  front  of  the 
id  sheath.     These  spaces  may  artificially  be  injected  in   the 
cr  through  a  canula  introduced   beneath  the  mucous  mem- 
brane of  the  pharynx,   through  which  fluid  can  be  forced  from 
the  posterior  space  along  the  sheath  of  the  inferior  thyroid  artery 
to  the  anterior  spaces  of  the  neck.     Pus  in  this  region  may  find  its 
way  to  the  surface  near  the  angle  of  the  jaw,  but  more  frequently 
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it  burrows  downward   in  the   way  indicated.      Such  an  abscess 
usually   originates   from   a   tubercular  nodule   in   the   body  of  a 
vertebra.     The  subfascial  abscess  may  also  take  its  origin  from  an 
inflammation   arising    from    an   adjacent  organ,   as  the    Icidr 
giving  rise  in  this  case  to  the  so-called  "  perinephritic  abscess.** 

The  earliest  symptoms  of  such  deep  abscesses  are  of  a  subjt* 
nature.      A   slight  oedema   may   be   seen    locally  at   first,    but   no 
swelling  nor  redness.     In  a  few  days  there  is  evidence  of  deep- 
seated  infiltration   and  the  part  becomes   tender  on  pressure. 
the  inflammation  approaches  the  surface  all  the  symptoms  become 
more  marked.     Several  days  may  elapse,  however,  before  the  pus 
reaches  the  surface.     At  this  time  the  skin  is  tense  and  of  a  scarlet 
redness,  the  contour  of  the  adjacent  parts  is  lost,  and  there  are 
dense  infiltration  and  oedema  of  the  surrounding  tissues.      When 
the  pus  is  discharged  foreign  substances  may  be  found  mixed  with 
it,  such  as  faeces,  urine,  or  fragments  of  bone,  according  to  tlies- 
source  from  which  it  comes. 

Phlegmonous  inflammation  is  a  term  given  to  the  spreading*- 
forms  of  suppuration,  such  as  are  usually  produced  by  the  invasion 
of  the  streptococci.     Here  all  the  signs  of  acute  inflammation  ane 
present  and  the  area  involved  is  extensive.     The  connective  tissue 
and  the  lymphatics  are  the  routes  through  which  the  streptococci 
spread.     These  organisms  do  not  cause  suppuration  at  first,  but  as 
they  grow  they  exert  a  poisonous  influence  upon  the  tissues  wide- 
spread in  its  effects.     If  an  incision  is  made  into  the  part  during 
the  early  stage  of  the  process,  there  is  set  free  a  more  or  les 
yellowish  fluid,  which  may  contain  a  few  pus-cells  or  flakes  of 
fibrin.     Nearer  the  central  point  of  the  inflammatory  process  the 
cut  surface  has  a  pork-like  aspect.     As  the  streptococci  develop  in 
the  tissues  more  extensively,  a  coagulation-necrosis  results  from 
the   intensity   of  the   virus,   and   finally  foci  of  suppuration  are 
established.     A    considerable   portion   of  the   tissue  may  become 
necrosed,  with  the  formation  of  sloughs,  and  the  skin  may  become 
separated    from   the    parts   beneath.      In   many   portions   of   the 
inflamed  part  the  veins  are  found  to  be  filled  with  thrombi,  and 
when  such  tissues  are   incised   the  amount  of  bleeding  is  often 
strikingly  small. 

This  form  of  inflammation  is  usually  accompanied  by  an 
oedematous  swelling  of  the  parts.  In  the  more  central  portion  the 
tissues  become  hardened  and  brawny,  and  the  natural  folds  of  the 
region  are  more  or  less  completely  effaced.  On  the  surface  of  the 
distended  skin  appear  vesicles   filled   with   red  or  yellow 
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The  constitutional  disturbance  is  usually  profound  and  of  a  septi- 
ttic   character.       When   suppuration    is   established,    pus   may 
come  to  the  surface  at  one  or  more  points.     If  the  pus  be  evacu- 
ated and  the  finger  be  introduced  through  the  opening  made,  a 
series  of  spaces  are  felt  between  the  skin  and  the  muscles,  or  the 
pus  may  be  found  to  have   burrowed  between  the  muscles  and 
vessels  down  to  the  periosteum.     The  type  of  such  an  inflamma- 
tion may  be  found  in  those  septic  processes  which  develop  in  the 
hand  and  spread  rapidly  up  the  arm.     Here  is  found  not  only  a 
continuous  spreading  inflammation  of  the  connective  tissue,   but 
also  an  involvement  of  the  lymphatics,  as  shown  by  red  lines  run- 
ning along  the  inner  aspect  of  the  arm  to  the  group  of  glands  at 
the  elbow  or  the  axilla.     Occasionally  the  suppurative  process  will 
develop  itself  at  one  of  these  two  points,  a  protective  influence 
being  thus  exerted  by  the  lymphatic  glands,  by  which  a  further 
spread  of  the  process  is  prevented.     A  good  example  of  phleg- 
monous inflammation  is  seen  also  in  a  case  of  compound  fracture 
which  has  become  septic.     In  fractures  of  the  leg  of  this  type  the 
»ft  ports  extending  from  the  ankle  to  the  knee  may  thus  become 
involved.    The  most  severe  form  of  this  inflammation  is  seen  in 
phlegmonous  erysipelas. 

In  rare  instances  a  more  grave  type  of  inflammation  is 
developed,  kuown  as  m&Iigitani  wdema,  In  this  type  the  rapidity 
tod  intensity  of  the  process  are  such  that  the  tissues  seem  to 
become  extensively  necrosed,  or  the  patient  succumbs  to  acute 
septicemia  before  suppuration  is  established.  The  streptococcus 
frequently  plays  a  prominent  part  in  this  inflammation,  though 
occasionally  there  is  found  the  organism  known  as  the  bacilli'. 
malignant  oedema.  A  whole  extremity  may  become  involved 
from  twenty-four  to  thirty-six  hours  in  a  diffused  cedema- 
toits  swelling.  The  skin  is  not  reddened,  but  has  a  brownish 
color,  and  becomes  still  more  discolored,  and  later  assumes  a  more 
or  less  cadaveric  appearance.  In  the  early  stages  an  incision 
evacuates  only  a  serous  fluid  which  here  and  there  has  a  slightly 
turbid  appearance,  suggestive  of  the  presence  of  pus-corpuscles. 
Later,  free  and  deep  incisions  show  that  the  process  has  involved 
Soft  parts  of  the  limb,  and  that  the  subcutaneous  tissues, 
3  even  the  muscles,  may  have  become  gangrenous. 
An  example  of  this  type  of  inflammation  was  seen  a  few  years 
ago  in  the  case  of  a  medical  student.  The  young  man,  who  had 
been  in  somewhat  feeble  health,  had  wounded  a  finger  in  the  dis- 
secting-room,    When  seen  on  the  second  day  of  the  disease  the 
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whole  arm  to  the  shoulder  had  become  involved,  aud  the  process 
had  extended  to  the  adjacent  tissues  of  the  thorax.  Free  incisions 
were  made  by  his  surgeon  over  the  pectoral  muscles  and  into  the 
upper  part  of  the  arm,  which  incisions  gave  vent  to  an  abundant 
flow  of  a  slightly  turbid  serum,  no  pus  being  found  anywhere. 
The  process  could  not  be  arrested,  and  the  patient  succumbed  to 
septicaemia  on  the  following  day. 

An  elderly  carpenter  came  into  the  hospital  recently  with  an 
injury  of  his  hand  from  a  splinter  of  wood.  The  whole  upper 
extremity  was  involved  in  a  septic  process  of  three  days'  standing, 
and  the  constitutional  disturbance  was  profound.  The  patient  wa^. 
etherized,  and  free  incisions  showed  that  pus  had  burrowed  int 
the  deepest  intermuscular  spaces  and  that  the  connective  tissue  w 
everywhere  gangrenous.  The  operation  gave  no  relief,  and  tlx 
patient  died  of  a  typical  acute  septicaemia  on  the  following  d.i\- 

The  treatment  of  a  circumscribed  abscess  consists  in  early  incis- 
ion for  the  evacuation  of  pus.     The  old  method  consisted  in  i\\^ 
application  of   poultices   until   the   abscess    "  pointed, "    when   arj 
incision  hastened  the  escape  of  pus  by  a  few  hours  only.     In  many 
cases  such  delay  may  endanger  important  structures  and  allow  the 
abscess  to  attain  a  size  which  will  require  a  long  time  for  the  wound 
to  heal.     An  incision  should  therefore  always  be  made  as  soon  as 
the  diagnosis  of  suppuration  is  established.     The  only  exceptions  to 
be  given  to  this  rule  are  those  cases  in  which  the  abscess  is  not 
liable  to  spread  and  involve  important  structures,  and  in  which  the 
patient  prefers  to  wait  for  the  slower  method  of  Nature. 

Antiseptic  precaution  should  not  be  relaxed  in  these  operations. 
The  parts  should  be  cleaned  thoroughly  beforehand,  and  the  ope- 
rating instruments  and  the  hands  of  the  operator  should  be  disin- 
fected.    A  clean-cut  incision  should  be  made  of  sufficient  length  to 
keep  open  the  most  prominent  or  the  most  dependent  part  of  the- 
abscess  throughout  its  whole  length.     In  very  large  abscesses  it: 
may  be  preferable  to  limit  the  length  of  the  incision  and  make,  if 
necessary,  a  counter-opening.    Very  long  incisions  are  rarely  neces- 
sary where  the  suppuration  is  circumscribed.     When  the  ope: 
has  been  made  the  edges  of  the  wound  should  be  separated  and 
inner  surface  of  the  cavity  be  inspected,  all  sloughs  and  infecte*^ 
tissue  being  removed  as  carefully  as  circumstances  permit.     T 
removal  can  best  be  performed  with  a  sharp  curette.     The  woun 
should  then  be  irrigated  with  a  solution  of  corrosive  sublimate  ft 
a  strength  of  i  :  1000  or  i  :  5000,  and,  after  drying,  it  should 
stuffed  with  iodoform  gauze  and  a  dry  dressing  applied;  or  th 


nay  be  employed  an  antiseptic  poultice  consisting  of  absorbent 
cotton  soaked  in  a  very  weak  solution  of  carbolic  acid  or  creoline 
01  corrosive  sublimate  (i  :  20,000).     An  antiseptic  poultice  should 
always  be  used  when  the  incision  has  not  been  large  enough  to  lay 
the  cavity  thoroughly  open,  and  the  cavity  should  be  drained  by 
a  rubber  tube  inserted  through  the  wound.     These  wet  dressings 
should  be  changed  every  two  or  three  hours  when  the  discharge  is 
free.    The  dry  dressing  may  be  allowed  to  remain  for  twenty-four 
hours,  or  even  longer  when  the  infected  tissues  have  been  thor- 
oughly removed.    When  the  latter  method  is  successfully  employed, 
all  further  infection  is  checked,  the  inflammation  subsided,  and  the 
wound  becomes  in  two  or  three  days  a  healthy  granulating  surface. 
Ever)1  abscess  should  be  thoroughly  disinfected  when  it  is  pos- 
sible to  do  so.     Prompt  and  energetic  treatment  of  this  kind   is 
especially  indicated  in  abscesses  involving  a  portion  of  the  perito- 
neal cavity  to  ward  off  a  general  peritonitis,  or  in  the  neighborhood 
rectum  to  avoid  the  occurrence  of  a  fistula  in  aiw.     Deep- 
seated  abscesses  of  the  neck  come  within  this  category,  as  they  are 
liable  to  burrow  freely  among  important  anatomical  regions,  and 
rise  dyspnoea  or  sudden  death  By  pressure  upon  the  trachea 
or  the  recurrent  laryngeal  nerve.     Abscesses  of  the  breast,  if  not 
opened  and  drained  freely,  may  lead  to  extension  of  the  suppura- 
tion and  to  the  formation  of  multiple  abscesses.     If  a  mammary 
abscess  is  carefully  curetted,  and  is  so  situated  that  a  counter-open- 
ing can  be  made  or  that  the  opening  can  be  made  sufficiently  large, 
it  raav  be  stuffed  with  iodoform  gauze  and  all  further  infection  of 
the  gland  prevented.     Such  abscesses  heal  slowly v  however,  owing 
to  the  discharge  of  milk   into  them   from   the  lacteal  ducts.     The 
gravest  injury  may  be  inflicted  upon  the  medullary  cavity  of  a  bone 
wing  a  case  of  acute  osteomyelitis  to  run  its  course  without 
ration, 
ft  is  rare  that  one  regrets  a  free  and  early  incision;  conversely, 
punctures  or  small  cuts,  which  are  sometimes  described  as  "med- 
ical incisions, * '  are  likely  to  produce  an  increase  of  all  the  symp- 
toms, owing  to  the  introduction  of  fresh  sources  of  infection  through 
the  cut  surfaces  and   to  the  plugging  up  of  the  opening  by  blood- 
doL 

In  abscesses  of  internal  organs,  such  as  empyema,  periuephritic 

abscess,  or  abscess  of  the  appendix,  the  operation  required  is  one 

>r  importance.     The  point  of  election  in  these  various  cases 

1  refill Iv  be  selected,  and  the  parts  must  be  divided  with  the 

care  commensurate  with  their  anatomical  importance.    In  empyema 


1 


SURGICAL    PATHOLOGY  AND    THERAPEUTICS 

it  may  be  necessary  to  resect  a  portion  of  one  or  more  ribs,  parti] 
for  the  purpose  of  drainage  and  partly  to  allow  collapse  of  the  other 
wise  rigid  wall,  for  it  is  by  contraction  of  the  abscess- walls,  as  wel 
as  by  the  process  of  granulation,  that  an  abscess-cavity  lie  ■ 

In  the  spreading  forms  of  suppuration,  or  phlegmonous  inflam- 
mation, the  necessity  of  a  prompt  intervention  on  the  part  of  tin 
surgeon  is  still  more  strongly  called  for.     The  indications  in  sucli 
cases  are  to  reach  the  micro-organisms  at  all  points  where  they 
are  growing  actively  in  the   tissues,  and   to  attack  them  with  al 
the  resources  of  antiseptic  methods.     Their  further  progress  u 
promptly  be  arrested.     To  accomplish  this  result  it  is  manis. 
futile  to  content  one's  self  with  the  simple  opening  of  a  pus-cay 
ity :  such  a  procedure  may  aggravate  what  is  already  a  grave  i 
dition.     Organisms  which  have  perhaps  been  held  in  check  by  ^ 
insufficient  supply  of  oxygen  may  gain  new  force  or  new  forms  c 
bacteria  may  be  introduced.     At  all  events,  it  is  not  uneonim 
find  symptoms  of  septicaemia  developing  when  an  acute  and  dee-] 
seated  suppuration  has  been  opened  insufficiently. 

Free  incisions,  therefore,  are  indicated,  and  pus  should  relert 
lessly  be  followed  to  the  farthest  point  of  the  suppurating  Liss\i< 
When  the  area  involved  is  an  extensive  one,  it  may  be  preferabj 
to  make  multiple  short  incisions,  so  arranged  that  drainage  I 
satisfactorily  be  obtained  and  that  the  scar  may  be  so  situated  as 
not  to  interfere  with  the  function  of  the  part.  An  attempt  shouJd 
be  made  to  remove  as  much  as  possible  of  the  necrosed  tissues,  and 
great  pains  should  be  taken  to  disinfect  all  exposed  surfaces  by  free 
douching  with  antiseptic  washes.  After  the  wounds  have  been 
dried  they  can  be  packed  with  iodoform  gauze,  or  rubber  drainage- 
tubes  should  be  inserted  freely.  The  part  should  then  be  enveloped 
in  a  large  antiseptic  poultice  or  in  a  voluminous  dry  absorbent 
dressing.  These  dressings  should  be  changed  frequently,  and 
attempts  should  be  continued  to  keep  down  the  septic  fermentation- 
The  healing  of  such  a  pus-cavity  or  series  of  cavities  must  nc 
sarily  be  slow. 

In  the  early  stages  of  malignant  oedema,  while  a  soft  oedeinatou* 
swelling  exists,  several  free  incisions  through  the  integuments  may 
suffice  to  arrest  the  process.  Usually  the  disease  spreads  so  tap' 
that  abortive  treatment  cannot  be  employed.  When  the  cedeina  is 
very  extensive  Volkmann's  method  of  multiple  scarifications  has 
been  used  wTith  success.  This  consists  in  making,  with  a  narrow 
and  sharp-pointed  knife,  a  very  large  number  of  small  incisions 
through  the  skin  into  the  subcutaneous  tissue.     These  incis 
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should  be  from  2  to  3  mm.  long,  and  may  in  some  cases  amount  to 
several  hundred  in  number.     The  bleeding  soon  ceases,  and  a  clear 
serum  presently  exudes  freely  from  the  various  punctures.     The 
flow  of  serum  may  be  favored  by  warm  douches  of  2  %  per  cent. 
solution  of  carbolic  acid  or  by  mild  solutions  of  corrosive  subli- 
mate.   Gentle  stroking  with  the  hand  from  the  base  to  the  tip  of 
the  extremity  also  favors  the  flow.     At  the  end  of  fifteen  minutes 
the  size  of  the  limb  will  greatly  be  reduced  and  many  micro-organ- 
isms will  have  been  removed  from  the  infected  tissue.    Disinfection 
is  then  brought  about  by  sponging  the  incisions  with  antiseptic 
solutions. 

The  limb  should  now  be  enveloped  in  iodoform  gauze  or  in 
some  form  of  antiseptic  poultice,  Frequent  antiseptic  baths  or 
permanent  irrigation  may  also  be  used. 

n  the  disease  is  further  advanced  and  deeper  tissues  are 
involved,  this  method  will  not  suffice  to  arrest  the  process.  A  more 
radical  treatment  is  then  indicated:  the  incisions  must  be  longer 
and  deeper;  all  septic  foci  must  be  laid  open  thoroughly,  even  if 
it  be  necessary  to  cut  down  to  the  bone;  the  masses  of  sloughing 
tissue  must  be  excised,  and  all  the  interspaces  laid  open  must  be 
irrigated  freely;  abscess-cavities  should  be  curetted  thoroughly; 
and  (he  thrombosed  veins  should  be  ligatured  and  excised.  In 
short,  no  effort  should  be  spared  to  remove  the  septic  material. 
More  applying  the  dressing  the  limb  may  be  placed  for  ten  or 
fifteen  minutes  in  a  warm  solution  of  corrosive  sublimate  of  1  : 
5000.  A  dry  iodoform  dressing  should  then  be  applied  with  firm 
pressure.  If  such  method  of  treatment  fails  to  arrest  the  septic 
process,  the  limb  should  be  amputated  at  a  point  as  near  as  pos- 
sible to  the  healthy  tissues.  The  internal  treatment  consists  in  the 
free  use  of  alcoholic  stimulants.  Strychnine,  nitro-glycerin,  and 
digitalis  may  be  used  when  the  pulse  indicates  a  feeble  action  of 

The  patient  should  be  kept  in  bed  and  the  limb  should  be 
placed  in  a  comfortable  position  on  a  pillow.     Opium   may  be 
given  to  relieve   pain   and   to  ensure   rest   for  the   patient.      The 
^-point   of  many  of   these   serious   types   of  phlegmonous 
nation  is  in  the  hand.     It  is  well  to  consider  some  of  the 
commoner  forms  of  suppuration  occurring  in  this  locality, 

mm  (a   corruption   from    paronychia,   xapd  and   oi*y£), 
iw,  and  felon  are  names  used  to  indicate  inflammation  situ- 
ated in  the  ends  of  the  fingers  and  in  the  hand.     These  inflamma- 
tions may  take  their  origin  either  in  the  skin,  in  the  subcutaneous 


cellular  tissue,  in  the  tendons,  in  the  periosteum,  or  in  the 
and  joints. 

The  infection  takes  place  through  some  point  of  injury  in  th 
skin.  The  masses  of  thickened  epidermis  on  the  hands  of  labo 
ing-men  may  become  bruised  or  torn  or  blistered,  and  the  present 
of  numerous  micro-organisms  gives  conditions  favorable  for  infe< 
tion.  Slight  punctured  wounds  in  the  hands  of  carpenters  mad 
by  splinters  of  wood  may  often  become  very  dangerous ;  th 
butcher  or  the  cook  may  become  infected  by  putrid  meat  throng 
cracks  or  fissures  in  the  skin.  Dissection  or  operation  wounds  ma 
be  followed  by  a  similar  infection.  The  anatomical  arrangetner 
of  the  connective-tissue  fibres  on  the  palmar  surface  of  the  han 
and  fingers  is  such  that  they  run  perpendicularly  inward  to  tt' 
palmar  fascia  or  the  sheaths  of  the  tendons,  and  infective  materi 
is  for  tliis  reason  readily  directed  to  the  deeper  parts.  The  penetr 
tion  of  this  fascia  produces  a  division  of  the  abscess  into  supc 
ficial  and  deep  portions,  which  are  united  by  a  narrow  sinus.  Th 
form,  known  as  the  "shirt-stud"  abscess,  should  not  be  overlooks 
as  the  pus  may  continue  to  burrow  beneath  the  fascia  even  after 
superficial  opening  has  been  made.  When  the  virus  reaches  tli 
sheaths  of  the  tendons  it  spreads  rapidly  along  the  channels  thu 
afforded  to  it.  On  the  dorsum  of  the  hand  the  subcutaueou, 
fibres  run  horizontally,  and  the  inflammation  therefore  remain 
more  superficial  and  does  not  so  readily  involve  the  tendons. 

Panaritium  cutaneum,  or  the  cutaneous  form  of  felon,  close!} 
resembles  a  boil.  The  felon  occurs  by  infection  through  a  wound 
or  an  abrasion,  and  is  more  likely  to  be  found  in  the  young,  whos< 
skin  is  tender.  In  older  people  the  skin,  being  hardened  and  thick, 
ened  by  work,  serves  as  a  protection.  The  virus  penetrates  th« 
skin  covering  the  finger-pulp,  and  makes  its  way  between  tin 
vertical  bundles  into  the  lobules  of  fatty  tissue  lying  beneath 
The  dense  fibrous  septa  prevent  the  further  spreading  of  the  vim 
and  confine  it  to  a  limited  area,  as  in  the  case  of  a  furuncle  or  boil 

As  the  minute  abscess  develops  the  dense  bands  of  fibres  arc  pa 
upon  the  stretch.  The  pulp  of  the  finger  is  red  and  painful,  an* 
the  affected  tissues  form  a  dense  and  well-defined  swelling.  It  i 
often  difficult  to  determine  the  exact  point  of  suppuration,  but 
careful  localization  of  the  most  painful  spot  will  enable  one  t 
determine  its  locality.  If  left  to  itself,  the  abscess  will  finall 
"point,'*  the  pus  will  be  discharged,  and  with  it  a  slough  c 
"core"  very  similar  to  that  seen  in  the  boil. 

Very  intense  forms  of  inflammation  of  this  kind  may  le 
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gangrene  of  the  skin  or  of  a  portion  of  the  finger.  It  is  well  to 
remember  this  tendency  of  the  disease  in  applying  carbolic  lotions, 
which  have  in  some  recorded  cases  produced  gangrene.  Lymphan- 
gitis may  also  be  a  complication  of  this  form  of  felon.  The  dis- 
ease begins  with  a  chill  and  considerable  fever.  Red  lines  are  seen 
running  along  the  dorsum  of  the  hand  and  the  forearm  to  the 
elbow-joint  or  to  the  axilla.  The  lymphatic  glands  at  these  two 
points  may  become  involved  in  the  inflammation,  and  suppuration 
lake  place. 

Panaritium  tendinosttm  occurs  most  frequently  when  the  sub- 
cutaneous form  burrows  more  deeply  and  the  sheath  of  the  tendon 
becomes  infected.  The  virus  is  then  rapidly  carried  along  the 
volar  aspect  of  the  finger.  The  tendon-sheaths  of  the  three  middle 
linger?  do  not  extend  beyond  the  heads 
of  the  metacarpal  bones,  while  those  of 
the  little  finger  and  the  thumb  are  con- 
tinuous with  the  bursa  of  the  palm  of 
the  hand  and  extend  beneath  the  annu- 
lar ligament  of  the  wrist  (Fig.  32).  For 
this  reason  a  felon  of  the  thumb  or  of 
the  little  finger  is  more  liable  to  spread 
into  the  palm  of  the  hand,  whereas  a 
felon  on  either  of  the  three  middle  Ali- 
gns is  more  likely  to  remain  confined 
to  those  lingers.  For  these  anatomical 
reasons  it  is  easy  to  see  that  the  prog- 
nosis of  a  suppurative  process  involving 
the  tendon -sheath  is  more  unfavorable 
than  that  in  the  superficial  variety. 

The  periosteal  form   of  felon    may 
arise  primarily  from  a  puncture  reach- 
.  bone,  or  secondarily  from  a  sup- 
Mi   extending  downward  from  a 
more  superficial   part.      This   form   of 

»ccurs  most  frequently  on   the   terminal  phalanx.     In  the 
other  phalanges  the  periostitis  is  usually  secondary  to  a  tendo-vagi- 
ibovc  described.     Such  a  periostitis  may  lead  to  necrosis  of 
.ulanx  involved  or  to  suppuration  of  the  adjacent  joint. 

Clinically,  it  is  not  usually  easy  to  make  a  differential  diagnosis 
between  the  different  forms  of  felon,  but  the  periosteal  form  may 
be  recognized  by  the  peculiar  boring  character  of  the  pain  and  the 
greater  length  of  time  needed  for  the  pus  to  come  to  the  surface. 


Fir..    33, — Diagram    of    Tendon- 
sheaths  of  the  Hand  (Tillaux). 
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The  treatment  of  a  felon  consists  in  early  laying  open  \ 
inflamed  focus.  It  is  rare  that  such  a  septic  inflammation  can 
aborted.  Early  attention  to  slight  injuries  about  the  ends  of  t 
fingers,  particularly  by  those  who  are  obliged  to  come  in  cont; 
with  septic  material,  may  often  prevent  the  establishment  ol 
superficial  focus  of  infection.  Every  slight  scratch  and  hang-n 
should  carefully  be  attended  to  by  the  surgeon  who  desires  to  ke 
his  hands  in  proper  condition  for  operation.  A  rubber  cot  appli 
for  a  few  hours  will  favor  a  discharge  of  serum  which  will  flc 
away  any  poisonous  substance  that  might  readily  multiply  it« 
if  allowed  to  remain  beneath  a  dried  crust  or  a  clot.  The  frequt 
use  of  antiseptics  is  a  great  protection  which  the  surgeons  ol 
former  generation  did  not  enjoy;  consequently  "septic  fingers 
were  then  much  commoner  than  they  are  to-day, 

If  suppuration  is  established,  the  pus-cavity  should  promptly 
opened,  and  the  incision  should  if  necessary  be  carried  down  to  t 
bone.  Au  incision  should  also  be  made  promptly  in  the  mc 
severe  types  of  felon  before  suppuration  has  been  established, 
the  tension  of  the  parts  is  thus  relieved  and  the  further  Spread 
the  virus  is  prevented.  It  should,  moreover,  be  the  province 
the  operator  to  clean  out  the  pus-cavity  and  to  remove  all  in  feci 
tissue,  so  that  the  danger  of  the  spreading  of  the  virus  may 
reduced  to  a  minimum. 

Many  of  these  felons  can  be  opened  with  the  assistance  of  a  loc 
anaesthetic,  such  as  cocaine.  A  rubber  tubing  should  be  tit 
around  the  root  of  the  finger,  and  a  2  per  cent,  solution  of  cocaii 
should  be  injected  on  either  side  along  the  course  of  the  nerve 
If  the  tendon-sheaths  are  involved  and  a  more  extensive  operatic 
is  required,  it  is  better  to  etherize  the  patient  The  part  should  \ 
rendered  bloodless,  and  the  burrowing  pus  should  be  followed 
every  direction. 

The  dressing  for  these  wounds  should  be  in  the  nature 
antiseptic  poultice,  for  in  this  way  the  danger  of  the  retention  < 
any  poisonous  secretion  is  greatly  diminished.  Small  areas  of  bo 
may  be  laid  bare  in  felon  of  the  terminal  phalanx  without  nec< 
sarily  involving  the  death  of  the  bone.  It  occasionally  happens 
a  neglected  felon,  however,  that  the  periosteum  of  the  bone  in 
be  dissected  completely  away  from  it,  and  the  bone  then  lies  liki 
foreign  body  in  the  centre  of  an  abscess.  If  a  joint  is  inv 
the  best  that  can  be  hoped  for  is  an  ankylosis. 

The  importance  of  promptly  attending  to  these  abscesses  cam 
too  strongly  be  urged  upon  the  surgeon,  for  they  involve  an 
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which  is  of  the  utmost  importance  to  all  classes  of  individuals, 
especially  so  to  those  who  are  dependent  upon  their  hands  for  thei 
support* 

k  palmar  abscess  originates  in  the  callosities  which  form  over 
the  metacarpal  bones,  and  which  develop  as  the  result  of  unusual 
pressure  or  of  friction  from  work.  A  fissure  in  these  callosities  or 
the  fonnation  of  a  blister  may  furnish  the  entrance-point  of  an 
infection*  The  subcutaneous  tissue,  when  bruised  by  unusual  vio- 
lence, may  also  favor  such  an  infection.  Palmar  abscess  may  be 
superficial  or  may  be  deep.  The  latter  variety  owes  its  importance 
to  the  presence  above  it  of  the  palmar  fascia,  which  offers  a  serious 
obstacle  to  the  escape  of  pus  toward  the  surface.  The  pus,  there- 
arrows  among  the  sheaths  of  the  tendons,  and  may  find  its 
way  between  the  metacarpal  bones  to  the  dorsal  surface  of  the 
the  abscess  forms  the  tension  produced  by  the  pressure 
upon  the  palmar  fascia  is  very  great,  and  the  pain  is  correspond- 
ingly severe.  For  the  same  reason  the  swelling  is  not  so  pro- 
nounced as  in  corresponding  inflammation  elsewhere.  Redness  is 
less  marked  on  account  of  the  thickened  epidermis.  There 
is,  however,  in  many  cases  an  cedematous  swelling  which  may  lead 
to  the  supposition  that  the  seat  of  the  abscess  is  in  this  region. 

fa  has  been  stated,  the  infection  may  occur  beneath  the  palmar 
.1  secondarily,  having  worked  its  way  down  along  the  sheath 
of  a  tendon  from  one  of  the  fingers.  In  severe  cases  the  whole 
hand  may  be  involved.  The  tissues  then  are  greatly  swollen  and 
the  natural  furrows  of  the  hand  disappear.  The  fingers  are  flexed 
and  the  hand  assumes  a  claw-like  aspect.  The  suppurative 
process  will  not  remain  long  confined  to  the  hand,  for  the  pus 
readily  burrows  under  the  annular  ligament,  and  gives  signs  of  its 
presence  by  symptoms  of  inflammation  on  the  anterior  aspect  of 
the  wrist.  If  neglected,  the  area  of  suppuration  may  extend  to 
the  region  of  the  muscular  tissue  of  the  forearm.  There  is  more 
or  less  constitutional  disturbance  in  palmar  abscess,  according  to 
the  extent  or  the  severity  of  the  inflammation. 

Careful  rules  are  usually  given  to  enable  the  operator  to  avoid 

palmar  arch.  The  general  rule  of  following  the  prolongation 
of  the  axes  of  the  fingers  and  of  keeping  below  the  fold  of  the 
thumb  is  usually  sufficient.  By  carefully  determining  the  seat  of 
the  pus  the  knife  may  be  used  without  fear,  and  when  the  pus- 
;  has  been  opened  its  various  ramifications  should  be  followed 
to  their  farthest  point  of  extension.  A  long  incision  is  usually 
unnecessary.     Counter-openings  are  preferable  when  the  sinus  is  a 
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long  one.  In  very  severe  types  of  inflammation  it  may  1 
necessary  to  disregard  all  anatomical  rules  and  Jay  open  even  U 
annular  ligament.  Difficulty  in  controlling  hemorrhage  rare 
occurs,  even  if  the  arch  is  divided.  After  a  prolonged  bath  i 
some  warm  antiseptic  solution  the  hand  should  be  placed  in 
large  antiseptic  poultice  reaching  nearly  to  the  elbow.  If  the  cai 
is  a  serious  one,  the  patient  should  be  placed  in  bed  and  the  an 
allowed  to  lie  upon  a  pillow,  the  hand  being  slightly  elevate 
Serious  contraction  of  the  ringers  may  occur,  being  due  to  slougl 
ing  of  the  tendons  or  the  formation  of  cicatricial  bands. 

Abscesses  of  the  skin  comprise  pustules,  boils,  and  carbuncle 
These  affections  are  caused  by  invasion  of  pyogenic  cocci  from  tl 
layers  of  epidermis  down  the  hair-sheath  to  various  depths  in  tl 
skin  and  subcutaneous  tissue.  When  the  micro-organisms  pen 
trate  the  hair-follicles  as  far  as  the  sebaceous  glands  and  tin 
germinate,  there  results  a  pitstuh  similar  to  that  seen  in  acne, 
appears  as  a  small  nodule  in  the  upper  layers  of  the  skin,  ai 
varies  in  size  from  a  pin's  head  to  a  pea,  according  as  the  seat  \ 
the  pustules  is  in  the  duct  of  the  sweat-gland,  or  in  the  glands  < 
the  lanugo  hairs,  or  in  the  large  sebaceous  glands.  The  inflar 
mation  is  usually  preceded  by  an  accumulation  of  sebaceoi 
matter  in  the  gland. 

The  boil  or  furuncle  is  caused  by  invasion  of  bacteria  to 
deeper  portion  of  the  skin,  either  through  the  same  route  as  j; 
the  case  of  the  acne  pustule  or  through  the  sudoriparous  gland 
ducts.  The  commoner  of  the  two  routes  is  the  former.  Tli< 
seat  of  the  boil  in  this  case  is  the  deeper  layers  of  the  cutis  an< 
the  subcutaneous  cellular  tissue.  The  active  growth  of  th 
bacteria  produces  in  the  connective-tissue  fibres  a  coagulation 
necrosis,  which  subsequently  forms  the  "core"  of  the  boiL  Th< 
part  thus  destroyed  and  cast  off  consists,  according  to  Neumaun 
of  the  sebaceous  gland  and  the  accompanying  hair- follicle 
Undoubtedly,  the  commonest  origin  of  boils  is  infection  throngl 
the  hair-follicles  and  sudoriparous  gland-ducts  of  the  skin.  Thi 
was  conclusively  shown  by  the  well-known  experiment  of  Garr 
(page  138).  Clinical  experience  confirms  this  view,  and  explain 
the  contagiousness  of  furuncles  and  the  means  by  which  they  a 
communicated  to  different  parts  of  the  skin  of  the  same  individui 
or  from  one  individual  to  another  (acne  contagiosa).  Athlett 
undergoing  severe  training  are  liable  to  boils.  This  tendency 
due  either  to  an  enfeebled  condition  of  the  system  or  to  the  hrui: 
ing  of  the  skin,  usually  that  of  the  nates,  and  to  infection  froi 


inflamed  spot  was  quite  superficial  and  that  nothing  more  formid- 
able than  an  acute  pustule  would  develop.     The  infiltration  of  the 
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soiled  clothing  saturated  with  grease  and  perspiration.  Epidemics 
q|  mrunculosis  have,  however,  occurred  where  the  origin  was  due 
not  to  contagion,  but  to  a  mycelium  swallowed  with  certain 
vegetable  substances  used  as  food.  It  was  assumed  by  Senner  that 
the  fungus  was  conveyed  from  the  intestine  into  the  blood  and 
thence  to  the  skin,  as  he  found  threads  of  the  growth  in  the 
sloughs  cast  off  from  the  pus-cavity.  This  theory  would  ascribe, 
in  certain  cases,  the  origin  of  boils  to  embolism.  Among  the 
predisposing  causes  of  boils  may  be  mentioned  either  the  lack  of 
cleanliness  of  the  skin  or  the  excessive  use  of  baths  or  douches, 
the  presence  of  organic  disease  elsewhere,  as  diabetes,  or  any 
lowered  state  of  vitality,  as  anaemia. 

The  first  symptom  of  a  boil  is  the  appearance  of  a  minute 
papule  situated  at  the  opening  of  a  hair-follicle.  Its  presence  is 
first  noticed  through  an  itching  sensation  which  it  causes,  there 
being  but   slight   pain  at  the  time.     At  first  it  seems  as  if  the 

skin  soon  becomes  more  extensive  and  deeper,  and  a  removal  of 
the  projecting  hair  in  no  way  arrests  the  inflammatory  process. 

A  small  crust  forms  on  the  surface  of  the  swelling,  and  from 
lime  to  time  a  minute  quantity  of  pus  exudes.  If  at  the  end  of 
two  or  three  days  the  scale  is  removed,  a  very  fine  probe  can  be 
introduced  for  about  half  an  inch  into  the  inflamed  mass,  and  it  is 
now  quite  evident  that  the  suppuration  lies  much  more  deeply 
than  was  at  first  apparent.  On  palpation  the  infiltration  is  found 
to  extend  into  the  subcutaneous  tissue,  and  the  swelling  may  have 
-ed  to  the  size  of  a  pigeon's  or  a  hen's  egg. 

The  pain  is  usually  severe  on  pressure,  and  there  is  always  the 
proverbial  soreness  associated  with  this  affection.  When  the  boil 
begins  to  discharge  freely  close  inspection  reveals  the  presence  of 
a  small  round  opening  that  extends  downward  to  a  pus-cavity  con- 
the  slough  or  "core, n  which  at  the  end  of  a  week  or  ten 
days  is  usually  discharged  spontaneously.  The  openiug,  which  has 
been  considerably  distended  by  the  passage  of  the  contents  of  the 
now  contracts  and  the  minute  abscess  heals  by  granulation. 
The  furuncle  developing  in  the  sudoriparous  glands  is  less  common: 
it  is  more  readily  recognized  on  surfaces  where  there  is  no  hair,  as 
the  palm  of  the  hand.  It  begins  with  a  deep-seated,  pulsating  pain 
and  a.  feeling  of  tension.  Sometimes  the  process  seems  to  be  devel- 
oping beneath  the  skin.  In  the  cheek  it  may  be  felt  as  a  tumor 
situated  between  the  mucous  membrane  and  the  skin.     In  infants 


: 


[74  SURG/CAL   PATHOLOGY  AND    THERAPEUTICS. 

nd  in  young  children  such  boils  may  be  found  on  the  thighs  anc 

parts  soiled  by  urine  and  fecal  matter.     Boils  may  sometime:-  lx 
m plicated  by  lymphangitis. 

FuruHcuhsis  is  a  term  applied  to  those  cases  where  the  patien 
is  afflicted  with  a  succession  of  boils,  which  appear  to  come  out  ii 
crops.  The  contagion  having  once  been  disseminated  thorough!' 
on  a  susceptible  subject,  it  is  a  difficult  task  to  destroy  the  virus  q 
to  so  change  the  conditions  that  the  micro-organism  will  no  long^ 
accumulate  at  certain  points.  This  tendency  may  continue,  not 
withstanding  treatment,  for  a  year  or  more  in  extreme  cases. 

The  prophylactic  treatment  of  boils  is  of  great  importance 
Individuals  with  a  tendency  to  acne  or  to  furunculosis  should  bi 
careful  to  keep  their  skin  well  washed  and  should  frequently 
change  their  underclothing.  Special  attention  should  be  given 
to  disinfection  of  the  nails,  and  such  patients  should  be  cautioned 
against  frequent  scratching.  When  the  boil  begins  to  form  and  is 
quite  superficially  situated  abortive  treatment  should  be  attempted. 
The  simplest  and  most  effective  method  to  abort  a  boil  is  to  apply 
with  a  glass  rod  or  a  stick  the  liquefied  crystals  of  carbolic  acid. 
Equal  parts  of  carbolic  acid  and  tincture  of  iodine  may  be  applied 
in  the  same  way.  When  the  process  is  further  advanced,  parenchy- 
matous injections  of  a  3  per  cent,  solution  of  carbolic  acid  may  be 
given  with  a  subcutaneous  syringe.  In  small  furuncles  only  a  few 
drops  should  be  injected;  in  larger  boils  nearly  a  whole  syringefu! 
may  be  necessary.  This  method  is  uncertain  and  painful.  A  mon 
effective  method  is  to  lay  the  inflamed  area  open  by  a  crucial  incis 
ion.  In  the  early  stages  this  operation  most  effectively  arrests  fur 
ther  development  of  the  furuncle.  It  is,  however,  not  applicabl 
to  exposed  parts  where  it  is  desirable  to  avoid  a  scar. 

The  fully-developed  boil  may  be  treated  by  incision  and  curet 
ting  the  interior  in  order  to  remove  the  necrosed  tissue  and  th 
bacteria.  This  operation  should  be  rendered  painless  by  subcuta 
neous  injection  of  a  2  per  cent,  solution  of  cocaine.  The  woiro 
should  be  cleansed  with  peroxide  of  hydrogen  and  filled  with 
drying  powder,  such  as  iodoform,  aristol,  or  dermatol,  and  b 
dressed  with  iodoform  or  with  aseptic  gauze.  The  dressing  can  h 
retained  with  a  little  cotton  soaked  iu  collodion,  and  can  usual! 
be  allowed  to  remain  undisturbed  for  two  or  three  days. 

When  it  is  desirable  to  avoid  a  scar,  the  furuncle  should  b 
dressed  with  an  antiseptic  poultice  and  the  minute  pus-cavity  b 
syringed  out  daily  with  a  weak  solution  of  some  antiseptic.  I 
performing  this  little  operation  care  should  be  taken  not  to 
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distend  the  pus-cavity,  or  the  septic  process  may  be  made  to  spread 
and  all  the  symptoms  be  aggravated. 

When  the  boil  has  discharged  its  core,  it  may  be  dressed  with 
cotton  held  in  place  by  collodion.  This  dressing  is  usually  the 
most  comfortable  in  such  regions  as  the  neck  or  the  face  or  the 
tntnk.  It  possesses  the  great  advantage  of  establishing  an  isolation 
of  the  boil,  so  that  its  secretion  cannot  contaminate  the  adjacent 
haiT-follicles.  Great  care  should  be  taken  to  keep  the  surrounding 
skin  in  as  aseptic  a  condition  as  possible,  and  frequent  antiseptic 
washings  should  be  performed.  As  a  prophylactic  measure  in  case 
of  fnrunculosis  antiseptic  baths  maybe  employed.  An  ounce  of 
sulpho-naphthol  in  an  ordinary  bath-tub  of  warm  water  furnishes  a 
hath  sufficiently  antiseptic  to  remove  from  the  epidermis  any  excess 
of  bacteria  which  may  there  exist. 

AgTeat  variety  of  internal  treatment  has  been  recommended. 
The  sulphide  of  calcium  is  supposed  to  possess  unusual  virtues,  and 
is  given  in  doses  of  \  gr.  three  or  four  times  a  day.  The  writer  has 
never  seen  any  satisfactory  results  from  its  use.  The  employment 
ics  and  nourishing  diet,  and  placing  the  patient  in  suitable 
surroundings,  favor  such  a  condition  of  the  system  as  will  enable 
it  to  resist  a  further  invasion  of  the  pyogenic  bacteria. 

Carbuncle  is  a  suppurative  and  gangrenous  inflammation  of  the 
skin  and  the  subcutaneous  cellular  tissue,  and  begins,  like  furuncle, 
on  the  surface  of  the  skin,  but  the  inflammation  spreads  downward 
much  deeper  into  the  adjacent  structures.     The  organisms  most 
itly  found  in  carbuncular  pus  are  the  staphylococcus  pyogenes 
aureus  and  albus.     They  may  be  inoculated  by  the  finger-nail  in 
scratching  or  through  small   injuries  inflicted  by  the  clothing,  as 
[ge  of  a  collar,  or  through  minute  blisters.     A  state  of  gen- 
eral debility  places  the  tissues  in  a  condition  to  furnish  a  favorable 
soil  for  the  growth  of  the  bacteria.    Certain  constitutional  diseases, 
such  as  diabetes,  seem  frequently  to  be  accompanied  by  carbuncle. 
Carbuncle  is  rarely  seen  in  childhood.     It  is  most  frequently  ob- 
sened  in  persons  over  forty  years  of  age.     A  carbuncle  is  usually 
i:i  tlie  neck  and  the  back,  although  carbuncular  inflamma- 
tions are  occasionally  seen  upon  the  face  and  upon  other  portions 
The  term  "carbuncular  inflammation"  is  usually 
ed  to  convey  the  idea  of  a  suppurative  process  developing 
ies  of  separate  small  foci  of  pus,  and  spreading  in  this  way 
tissues  without  any  very  well  defined  limits.     This  appli- 
cation of  the  term  is  due  to  the  peculiar  appearance  of  a  carbuncle, 
*hich  seems  to  develop  simultaneously  from  a  number  of  independ- 
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ent  foci.  Such,  however,  is  not  the  case,  as  the  affection 
very  much  the  same  way  as  a  boil,  and  differs  from  it 
involving  a  very  much  larger  area. 

The  disease  begins  as  a  minute  papule  on  the  surfa 
skin,  which  usually  bums  and  itches  acutely,  and  the  papu 
be  mistaken  for  the  bite  of  an  insect.  It  is  due  to  this  fa 
ably,  that  flies  have  often  popularly  been  supposed  to  be 
riers  of  the  contagion.  From  this  superficial  point  the  ; 
inflammation  gradually  enlarges  downward  and  laterally,  : 
a  wedge-shaped  portion  of  the  integument  becomes  involvec 
process.  When  the  infection  has  reached  the  subcutaneou 
lar  tissue  the  disease  spreads  laterally,  the  dense  fascia  cover 
muscle  preventing  deeper  infection.  Cases  are  on  record,  h< 
where  the  muscles  of  the  back  have  become  involved  in 
purative  process,  but  these  cases  are  rare. 

A  glance  at  the  anatomy  of  that  portion  of  the  skin  w 
buncle  most  frequently  occurs — namely,  that  of  the  u 
region- — will  serve  to  explain  many  of  the  striking  peculiar 
this  affection.  The  skin  in  this  region  is  extremely  thick 
ably  thicker  than  at  any  other  portion  of  the  body.  It  form. 
of  dense  fibrous  tissue  well  calculated  to  sustain  burdens  or 
tect  a  comparatively  defenceless  portion  of  the  body.   The  grt 

of  the  cutis  vera  necessity 
tain  important  modificat 
contained  and  contiguou 
tures.     The  hair- follicles 
those  supporting  downv  III 
and    therefore    shallow, 
downward   but   a  short  < 
into  the  uppermost  layet 
mass  of  fibre,  and  there  w 
no  communication  with  t 
cutaneous  adipose  tissue 
not  for  oblique  columns 
tissue  which  extend  upwa 
below.      These   fat-col 
coin  m  ria     adiposes,    wh  i 
found  beneath  each  hai 
are  of  about  the  same 
the  hair-follicle — perha 
broader — and  they  contain,  besides  loose  connective- tissue, 
and  vessels,  the  coil  of  a  sweat-gland  suspended  midwa; 


shaft  (Fig.   35).      There   are  generally    two   horizontal    branches 
to  this  cleft  in  the  skin,  and  the  writer  has  shown  elsewhere  how 
m  injection-mass  forced  in  from  below  may  ramify  through  the 
whole  thickness  of  the  cutis,  forming  a  quite  delicate  network  and 
marking  out  the  anastomosing  system  of  lymphatic  channels.     At 
the  point  where  these  columns  open  into  the  parts  immediately 
below  this  dense  sheet  of  cutis  is  found  a  broad  band  of  fibrous 
tissue  given   off  from   one   side  and   extending  obliquely  down 
into  the  subcutaneous  structures,  finally  to  be  attached  (tendon-like) 
to  the  fascia,  beneath  which  lie  the  muscles.     These  fibrous  bands, 
which  interlace  in  various  directions,  are  very  different  from  the 
"cellular  tissue"  underlying  other  portions  of  the  skin, 
and  form  a  dense  network  that  holds  firmly  in  place  the  tough  hide 
to  which   it  is  attached.       In   the   interstices  there   is   the   usual 
loose  connective   tissue,   which   is  largely  occupied   by  fat-cells. 
Students  during  their  dissections  become  familiar  with  the  tough- 
ness of  this  subcutaneous  layer,  as  does  also  any  surgeon  who  has 
once  attacked  a  lipoma  in  this  region  with  the  vain  hope  that  it 
was  going  to  enucleate  easily.     It  will  be  observed  that  the  alve- 
oli formed  in  the  meshwork,  although  having  a  comparatively  lim- 
ited communication  with  the  neighboring  subcutaneous  structures, 
have  a  tolerably  direct,  though  narrow,  medium  of  communication 
with  the  surface  through  the  fat-columns,  which,   chimney-like, 
are  placed  directly  above  the  alveoli. 
The  characteristic  features  of  the  carbuncular  swelling,  when 
ly  developed,  are  its  broad,  flat  base,  with  an  oval  or  a  flattened 
raised  considerably  above  the  level  of  the  skin.     The  out- 
the  tumor  is  usually  circular.     The  skin  is  reddened  and 
perforated  at  several  points  with  holes  of  considerable  size  from 
thich  pus  oozes.    A  more  careful  inspection  discloses  the  existence 
of  a  large  number  of  minute  pustules  dotted  over  the  surface  of  the 
tumor.     The  skin  is  extremely  tense  and  red,  and  the  infiltrated 
parts  have  a  density  unusual  in  ordinary  inflamed  tissues.     Later, 
ural  portion  of  the  skin  is  gradually  destroyed  by  the  enlarge- 
ment of  the  various  openings,  which  fuse  together  and  leave  an 
open  crater.     The  deeper  tissues  thus  exposed  appear  to  be  honey- 
combed with  numerous  purulent  deposits.     These  peculiar  appear- 
ances are  readily  explained  by  the  anatomical  structure  of  the  part. 
When  the  deeper  tissues  become  infected  and  suppurate  the  pus 
naturally  endeavors  to  seek  an  outlet.     It  cannot  spread  laterally 
is  easily  as  in  other  portions  of  the  body,  as  the  skin  is  held  down 
firmly  on  the  fascia  by  the  fibrous  bands  already  described.     The 


FlG.  34. — Infiltration  of  Columna  Adiposa  and  Subcutaneous  Tissue  wilh  Pus  iu  Carbt 

also  makes  its  way  to  the  surface  through  points  of  least  re 
ance,  these  points  being  the  columnse  adiposae  (Fig,  34).  T 
chimney-like  spaces  allow  a  considerable  quantity  of  pus  to  i 
to  the  surface,  and  where  it  escapes  around  the  edges  of  the  lai 
hair  one  of  the  larger  openings  is  formed.     The  pus  also  spi 


I  1r;-  35- — Diagram  of  a  Carhuncle. 

laterally  from   the  column  through   the   lymphatic  spaces  of 
skin,  and  finally  reaches  the  papillary  layers  through  the  per 
cular  lymph-sheaths.     Many  of  the  papillae  become  distended 
pus,  and  thus  are  formed  the  smaller  pustules. 
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The  infiltration  and  disintegration  of  the  tissues  are  so  complete 

n&  the  coagulation-necrosis  is  so  extensive  that  large  sloughs  form. 

*j*he  centre  of  the  carbuncle  thus  becomes  an  open  crater,  and  the 

^cnse  fibrous  meshes  of  the  subcutaneous  tissues  which  constitute 

tlve  base  of  the  crater  are  eventually  thrown  off  as  sloughs  (Fig. 

As  pus  accumulates  one  or  more  cavities  of  considerable  size 

form  if  the  skin  has  not  sufficiently  melted  away  to  allow  of  its 

tpe 

Carbuncles  may  vary  greatly  in  size,     A  carbuncle  is  usually 

from  2  to  3  inches  in  diameter,  about  the  size  of  a  mandarin  orange, 

but  occasionally  it  may  attain  an  enormous  size.     It  reaches  its  full 

development,  in  the  larger  varieties,  about  the  end  of  the  second 

week,  and  the  final  healing  of  the  wound,  after  the  sloughs  have 

been  cast  off,  may  not  be  reached  for  five  or  six  weeks  or  even 

bager. 

As  already  stated,  the  disease  does  not  penetrate  the  deep  fascia, 

instances  are  known   in  which  the  suppuration  invaded  the 

intermuscular  spaces,  and  Monnier  describes  a  case  in  which  the 

pus  penetrated  the  spinal  canal  and  caused  death  from  meningitis. 

Jutlie  beginning  the  parts  are  painful,  but,  as  the  swelling  forms 

slowly,  little  pain  may  be  experienced  by  the  patient  during  the 

further  progress  of  the  disease.     Paget  relates  the  case  of  a  lady, 

having  a  good-sized  carbuncle  on  the  back  of  her  neck,  who  was 

able  to  go  through  with  the  duties   and  pleasures  of  a  London 

season  with  the  carbuncle  concealed  beneath  her  hair  worn  low 

behind. 

The  constitutional  condition  of  the  patient  varies  greatly.  In 
the  milder  cases  there  may  be  little  or  no  fever,  but  large  carbun- 
cles are  usually  associated  with  considerable  cachexia,  and  the  con- 
of  the  patient  at  times  becomes  critical.  The  prognosis  of 
the  disease  is  unfavorable  when  associated  with  diabetes  or  when  it 
occurs  in  persons  of  advanced  years. 

Sloughing  of  the  affected  tissues  is  a  pronounced  feature  of  car- 
buncle, and  it  gives  rise  to  a  great  loss  of  substance.  Occasionally 
this  process  may  assume  a  gangrenous  type,  and  a  tendency  of  the 
gangrene  to  spread  may  become  a  feature  of  the  case.  The  writer 
has  seen  the  entire  carbuncle  slough  away  and  the  gangrene  involve 
a  considerable  area  of  the  surrounding  skin  and  tissues. 

The  term  "carbuncle"  is  given  to  an  affection  of  the  upper 
lip,  although  most  of  the  characteristic  features  of  a  carbuncle 
are  wanting.  This  is  due  to  the  anatomical  nature  of  the  part, 
which  differs  greatly  from  the  skin  of  the  back.     It  is,  however, 
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like  carbuncle,  a  deep-seated  inflammation  involving  the  skin  am 
the  subcutaneous  tissue.  It  is  usually  accompanied  by  profouni 
constitutional  disturbance,  and  in  many  cases  the  prognosis  is  m 
unfavorable.  This  condition  is  due  to  the  involvement  of  the  ric" 
venous  anastomosis  with  the  cerebral  sinuses.  Thrombosis  of  th 
facial  vein  is  a  frequent  complication,  and  the  suppurative  pblebiti 
may  involve  the  ophthalmic  vein,  the  middle  meningeal  vein,  an 
may  even  extend  downward  to  the  jugular  vein.  Death  may  ocet 
both  as  a  result  of  meningitis  and  of  pyaemia. 

The  treatment  of 'carbuncle  has  varied  a  great  deal  during  l\ 
writer's  professional  experience.  Formerly  it  was  the  custom 
make  several  crucial  incisions  through  the  tumor,  thus  layi* 
open  all  its  recesses,  and  then  to  apply  a  flaxseed  poultice  to  fav- 
a  separation  of  the  sloughs.  In  cachectic  subjects  this  treatme* 
was  often  followed  by  an  aggravation  of  the  constitutional  syin 
toms  and  an  extension  of  the  suppuration  into  the  healthy  tissue 
which  were  exposed  by  an  unnecessary  prolongation  of  th 
incisions.  A  reaction  followed  this  treatment,  and  one  autho 
advised  expectant  treatment,  the  sloughs  being  allowed  to  suppu 
rate  aud  discharge  themselves  at  leisure. 

At  the  present  time  the  antiseptic  treatment  has  displaced  al 
others.  The  extent  to  which  antiseptic  measures  may  be  carriec 
varies.  In  milder  forms  of  carbuncle  or  in  subjects  who  are  toe 
feeble  to  stand  any  operative  measures  an  antiseptic  poultice  of 
cotton*  dipped  in  a  weak  solution  of  carbolic  acid  (i  :  200),  may  k 
applied,  and  such  cavities  as  can  easily  be  reached  should  b* 
syringed  out  with  an  antiseptic  wash.  The  poultice  should  b< 
renewed  frequently,  and  the  surrounding  tissue  should  be  washec 
once  or  twice  daily  with  a  solution  of  corrosive  sublimate  (i  :  3000 
to  protect  the  sound  skin  from  infection  by  the  pus  which  i 
constantly  poured  over  it. 

The  more  radical  treatment  of  removal  of  the  infected  tissues  i 
the  one  that  should  be  employed  in  the  majority  of  cases.  Thi 
consists  in  laying  open  the  carbuncle  by  crucial  incision  afte 
preliminary  cleansing  of  the  parts,  and  by  thorough  removal  oi 
the  infiltrated  parts  beneath.  This  may  be  done  with  the  curetw 
with  the  scissors,  or  the  knife.  AM  infected  areas  should  b 
excised  if  possible.  In  small  carbuncles  this  operation  may  b 
performed  without  pain  if  the  surrounding  skin  is  injected  with 
2  per  cent,  solution  of  cocaine.  The  skin  may  also  be  remove 
partially  if  much  infiltrated.  Bleeding  vessels  should  be  tied  5 
necessary,    the    parts   should    freely   be   dusted   with    iodoform 


cashed  with  peroxide  of  hydrogen,  and  the  wound  be  filled  with 
iodoform  gauze.  Considerable  relief  from  the  pain  follows  this 
operation,  and  at  the  next  dressing,  which  may  not  be  performed 
101  two  or  three  days,  the  inflammation  will  have  largely  disap- 


Ia  some  cases  a  condition  somewhat  resembling  hospital  gan- 
grene prevails:  the  skin  is  destroyed  and  the  parts  beneath  are 
covered  with  extensive  sloughs.  The  edges  of  this  crater  are  red- 
dened and  infiltrated,  and  frequently  undermined  by  the  gangrene, 
ciilation  appears  to  be  too  feeble  to  furnish  sufficient  fluid 
to  throw  off  the  sloughs.  Under  these  circumstances  the  patient 
should  be  etherized  and  the  gangrenous  tissue  should  be  removed 
with  a  sharp  spoon  or  with  scissors,  and  the  edges  of  the  wound 
should  fully  be  laid  open  by  incisions  through  the  skin.  The 
!kniM-cautery  should  then  be  applied  over  the  whole  infected 
surface. 

The  most  radical  treatment  consists  in  total  excision  of  the 
carbuncle.  This  operation  has  been  advised  in  cases  of  severe 
constitutional  disturbance  when  the  strength  of  the  patient  is 
insufficient  to  produce  any  healthy  reaction  at  the  seat  of  the 
or  in  old  people  in  the  early  stages  of  the  disease  when 
it  h  desired  to  spare  them  the  dangers  of  septic  infection.  A 
circular  incision  should  be  made  around  the  edge  of  the  infected 
portion  of  the  skin,  and  all  diseased  tissue  should  rapidly  be 
removed.  As  this  method  involves  a  considerable  loss  of  blood, 
it  would  be  preferable  to  make  the  skin  incisions  only  with  the 
knife  and  to  finish  the  operation  with  the  actual  cautery,  or  to 
perform  the  whole  operation  with  the  cautery  knife,  which  may 
be  done  without  the  loss  of  a  drop  of  blood.  The  effect  of  the 
removal  of  such  a  source  of  contagion  is  immediate.  The  fever 
and  delirium  disappear,  the  pain  is  greatly  relieved,  and  the 
patient  obtains  refreshing  sleep. 

Carbuncle  of  the  lip  may  occasionally  run  a  mild  course,  but 
]nc;tl  case  the  symptoms  are  very  grave,  and  the  treatment 
should  be  prompt  and  heroic.  It  is  not  sufficient  to  content  one's 
self  with  one  or  more  incisions.  The  infected  area  should  be 
tied  Winiwarter  reports  two  cases  in  which  he  approached 
the  carbuncle  through  the  mucous  membrane,  and,  having  excised 
all  diseased  tissue,  filled  the  cavity  thus  made  with  iodoform 
gauze.    These  cases  made  a  good  recovery  without  visible  scars. 

In  the  severer  form  of  carbuncle  the  constitutional  disturbance 
needs  careful  attention.     The  patients,   who  are  frequently  aged 
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and  infirm  subjects,  should  be  confined  to  the  bed.  The  di 
should  be  digestible  and  highly  nutritious,  and  should  be  given 
small  quantities  at  frequent  intervals.  Alcohol  should  be  admi 
istered  with  a  free  hand,  but  the  patient  should  be  watched  to  s 
if  the  use  of  stimulants  causes  flushing.  Opium  in  some  for 
may  be  needed  to  relieve  pain  and  ensure  repose,  and  if  the  hear! 
action  be  feeble  digitalis  may  be  given  in  moderate  doses.  Ti 
chief  reliance  in  these  cases  should  be,  however,  on  nourishii 
diet  and  alcoholic  stimulants. 


4.  Ulcer. 

An  ulcer  is  a  solution  in  continuity  of  the  skin  or  the  rmica 
membrane  which  shows  no  tendency  to  heal.     An  ulcer  has  be 
defined  as  molecular  death  of  the  part:  it  owes  its  existence, 
fact,  to  an  excess  in  action  of  the  retrograde  changes  over  those 
repair.     In  this  respect  it  differs  from  an  open  granulating  wout 
which  possesses  a  tendency  to  heal.     The  latter  may,   howev< 
become  an  ulcer  at  any  time  if  the  granulations  begin  to  brej 
down.     The  process  is  closely  allied  to  that  known  as 
gangrene. 

Ulcers  are  classified  at  the  present  time  chiefly  accordn 
their  mode  of  origin.  A  large  number  of  ulcers  result  from  infec 
tious  disease,  such  as  syphilis,  tubercle,  leprosy,  and  glander 
perhaps,  also,  cancer.  The  non-infectious  ulcers  are  preceded  an 
accompanied  by  a  chronic  inflammatory  process  in  the  tissues  i 
which  they  develop.  The  loss  of  substance  may  be  the  result  < 
the  inflammatory  process,  or  it  may  be  the  primary  conditic 
around  which  the  chronic  inflammation  has  developed  itse! 
Among  the  local  causes  for  the  development  of  an  ulcer  is  tl 
tendency  to  degenerative  processes  in  the  inflamed  tissue 
impairment  of  the  circulation.  Thus,  a  local  anjemia  1 
produced  as  the  result  of  obliterative  changes  in  the  walls  1 
arteries  or  impairment  of  the  venous  circulation.  Trophic  distUT 
ances  may  be  caused  by  an  impairment  of  the  innervation  of 
certain  portion  of  the  body.  Local  irritatiou,  with  breaking  dov 
of  tissue,  may  be  caused  by  friction  or  by  pressure.  Mechanic 
obstacles  to  the  healing  of  a  wound  must  also  be  regarded  as 
cause  of  ulcer. 

The  anatomical  characteristics  of  an  ulcer  are  determined  by  t 
nature  of  the  ulcerated  surface  and  its  margins.  The  ulcerat 
surface  presents  a  great  variety  of  conditions  according  to  t 
influences  to   which   it   has   been  subjected.      In   freshly-form 


there  is  an  inflammatory  exudation  mingled  with  fragments 
•ken-down   tissue  or  tissue  in  a  state  of  coagulation-necrosis. 
th  this  tissue  lies  a  layer  of  cells  forming  what  is  known  as 
um  tissue.     The  cells  of  which  this  layer  is  composed  are 
puh  nucleated  leucocytes  and  epithelioid  cells,  with  com- 
vdv  little  intercellular  substance.     A  rich  capillar)  network 
of  blood-vessels   runs    through    this   tissue   and   sends   branches 
toward  the  surface.     The  tissue  underlying  this  somewhat  super- 
ficial layer  of  cells  contains  a  greater  quantity  of  intercellular  sub- 
stance or    many   fusiform    cells.       Often    this    tissue    is   made  up 
largely  of  an  cedematous  fibrous  tissue  with  small  clusters  of  cells 
lerable  distances  apart.      Below  this  there  is   usually   found 
some  of  the  fibrous  tissues  of  the  deep  layers  of  the  skin.    .The 
granulation  tissue  is  soft  and  succulent,  and  may  easily  be  scrape 
with    a    curette.      The    tissue    below    is   much    denser,    an 
appears  as  a  white  fibrous  layer  which  shuts  off  the  granulation 
from  the  surrounding  healthy  tissues. 

The  edges  of  the  ulcer  consist  of  the  surrounding  skin,  which 

has  been  more  or  less  altered  by  inflammatory  changes.     There  is 

some  thickening  of  the  skin,  which  is  consequently  raised 


le 
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Fig.  36.— Ulcer  of  Leg. 

above  the  surface  of  the  ulcer.     The  papillae  are  in  these  cases 

iat  bypertrophied.     In  and  below  them  we  find  numerous 

kucocytes  and  epithelioid  and  fusiform  cells  in  various  stages  of 

optneot      In  the  deeper  layers  of  the  rete  mucosum  and  in 


the  papillary  layers  of  the  skin  in  old  ulcers  masses  of  blood- 
pigment  ire  seen  (Fig.  36).  The  margins  of  the  ulcer  are  fre- 
quently on  a  level  with  the  ulcerated  surface;  sometimes  they  are 
undermined  by  the  granulation  tissue.  Uuder  these  circumstances 
the  skin  is  red  and  infiltrated,  and  often  has  a  bluish  tinge,  due  to 
the  feeble  nature  of  the  circulation.  The  borders  of  the  ulcer 
may  become  firmly  adherent  to  the  deeper  parts,  particularly  bone 
or  periosteum. 

The  non- infective  ulcers  are  classified  according  to  their  mode 
of  origin  or  according  to  certain  characteristic  peculiarities  they 
possess.  Among  the  numerous  varieties  described  in  medical 
literature  may  be  mentioned  the  inflammatory  ulcer,  the  callous  or 
atonic  ulcer,  the  varicose  ulcer,  the  neuroparalytic  or  perforating 
ulcer,,  the  phagedenic  or  gangrenous  ulcer,  and  the  erethistic  or 
irritable  ulcer. 

The  inflammatory  ulcer  is  caused  by  bruising  or  friction  of  a 
part,  and  is  traumatic  in  origin.  Inflammatory  ulcers  are  more 
frequently  seen  upon  the  legs,  as  the  persistence  of  the  ulcer  is  due 
to  the  mechanical  condition  of  the  circulation,  which  favors  a 
stagnation  of  the  blood  in  the  part,  in  consequence  of  which 
the  efforts  at  repair  are  more  feeble.  These  ulcers  may  also  be 
caused  by  burns  or  by  frost-bites  or  by  the  action  of  chemical 
substances. 

The  commonest  form  of  ulcer  seen  by  the  surgeon  is  the  1 
cose  uker,  which  is  situated  on  the  shin,  usually  at  the  junction  of 
the  middle  and  lower  thirds.  Its  origin  is  readily  recognized  in 
most  cases  by  the  varicose  veins  seen  running  beneath  it  and  from 
its  upper  margins  to  the  inner  border  of  the  popliteal  space.  The 
cause  of  the  ulceration  is  a  passive  hyperemia,  in  consequence  of 
which  stagnation  of  the  blood  takes  place  in  the  smaller  veius  and 
capillaries,  and  the  surrounding  tissues  become  saturated  with  a 
thin  serum  which  oozes  through  their  walls.  This  is  the  cause  of 
the  oedema  which,  in  a  greater  or  lesser  degree,  accompanies  the 
disease.  With  the  serum  there  is  an  exudation  of  red  corpusi 
producing  an  extensive  pigmentation  of  the  skin,  which  usuallv 
precedes  or  accompanies  the  stage  of  ulceration.  The  nutrition 
of  the  part  being  thus  enfeebled,  a  slight  blow  will  cause  an 
abrasion  of  the  epidermis,  and  the  minute  wound  thus  made  will 
gradually  develop  into  an  ulcer  of  considerable  size,  or  a  minute 
slough  ma)1  be  caused  by  a  thrombosis  of  one  of  the  small  super- 
ficial veins.  With  the  formation  of  a  wound  infection  takes  place 
by  bacteria  invading   the   exposed   surfaces,  and   the  elemeut  of 
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inflammation  is  thus  introduced.  The  surrounding  parts  are  now- 
infiltrated  with  leucocytes,  and  are  further  softened  by  a  continua- 
tion of  the  inflammatory  process,  hi  neglected  ulcers  the  amount 
of  inflammation  may  be  great  and  the  limb  may  become  swollen, 
tense,  and  excessively  painful.  Phlebitis  may  occasionally  become 
a  complication  of  the  process. 

Ulceration  from  pressure  may  occur  in  a  manner  somewhat 
similar  to  that  by  which  decubitus  or  bed-sore  is  produced.  It 
differs,  however,  from  decubitus  in  the  absence  of  a  slough.  The 
principal  seat  of  these  ulcers  is  in  the  sole  of  the  foot,  although 
the}-  may  be  found  on  prominent  spots  about  the  inferior  extrem- 
ities as  the  result  of  pressure  from  splints.  The  pressure  is  not 
severe  enough  to  produce  stasis  and  death  of  the  part,  but  as  the 
result  of  continuous  pressure  the  epidermis  thickens  and  a  callos- 

ens,  which,  acting  as  a  foreign  body,  produces  friction  upon 
the  true  skin  below,  causing  inflammation;  eventually  suppuration 
takes  place  beneath  the  thickened  mass  of  epidermis.       A  small 
nicer  is  thus  developed,    which    is  surrounded   by   raised   edges 
of  a  greatly  hypertrophied   layer  of  epidermis.     The 
rigidity  of  the  parts  and  the  low  vitality  of  the  tissues  at  the  base 
ulcer  prevent  cicatrization. 
Ulcers  are   particularly  liable   to   develop  in   paralyzed   parts. 
They  may  be   caused   by   inflammatory   processes   which   readily 
occur  in  such  localities  or  as  the  result  of  pressure.     The  insen- 
sibility of  the  skin  and  the  lack  of  muscular  action  allow  pressure 

niin  constant  on  a  given  spot.      Absence  of  muscular  contrac- 
tion also  favors  a  stagnation  of  the  venous  blood  in  the  tissues, 
which  predisposes  to  ulceration. 
The  so-called  mal perfbrant^  which  occurs  upon  the  sole  of  the 
appears   as   a   sharply-cut    circular    ulcer   with  surrounding 
ned  edges,  often  almost  completely  shut  in  by  the  overhang- 
ing borders  of  epidermis.     It  is  found  most  frequently  beneath  the 
metatarso- phalangeal   articulation   of  the   great  toe,   but   may   be 
found  on  any  part  of  the  sole  of  the  foot  which  is  subjected  to  the 
most  pressure  in  any  particular  case.     This  form  of  ulcer  has  been 
supposed  to  be  associated  with  disturbances  of  nutrition   in  the 
nervous  system.     These  disturbances  may  be  due  to  a  local  affec- 

■'f  the  peripheral  nerves,  accompanied  with  inflammatory  or 
Degenerative  changes,  or  to  some  central  lesion.     It  has  been  found 

icntly  associated  with  locomotor  ataxia.  This  supposed 
association  with  certain  trophic  nerve-disturbances  owes  its  origin 
partly  to  the  fact  that  the  borders  of  the  ulcer  are  anaesthetic.     A 
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pin  may  be  introduced  for  some  distance  into  the  adjacent  skirx 
without  causing  pain.  According-  to  Winiwarter,  the  nerve  lesiot^ 
is  not  the  direct  cause  of  these  ulcers,  the  exciting  cause  being  th 
local  irritation  produced  by  pressure  or  by  friction.  No  distinction 
should  be  made  between  those  of  a  neurotic  and  those  of  a  not^^ 
neurotic  origin.  It  is,  in  fact,  an  ulcer  due  to  pressure  such  as  h^ 
already  been  described. 

A  microscopical  examination  of  a  perforating  ulcer  shows  in  *l)e 
ulcerating  surface  masses  of  hyaline  material  enclosing  red  blood, 
corpuscles  and  molecular  detritus,  and  very  few  cells.      The 
rounding  skin   is  much  sclerosed   and   the   papillae   are  usually 
hypertrophied,  and  above  them  are  piled  up  enormous  layers  of 
epidermis. 

If  pressure  is  continued  for  a  long  time  upon  the  ulcer,  the 
inflammation  and  suppuration  spread,  and  the  adjacent  joint  of  a 
toe  may  become  involved,  aud  necrosis  of  the  bone  may  result. 
This  process  is  not  to  be  mistaken  for  senile  ulceration  or  gan- 
grene, which  is  found  upon  the  toes  and  foot,  though  usually  not 
on  the  plantar  surface. 

French  surgeons  recommend  amputation  for  mat perforant,  and 
the  writer  has  seen  several  cases  treated  in  this  way.  Usually, 
however,  rest  in  bed  with  local  treatment  by  antiseptic  poultices 
suffices  to  heal  the  ulcer.  Careful  removal  of  the  rigid  margins 
and  curetting  the  indolent  surface  of  the  ulcer  will  place  it  in  a 
condition  favorable   for  repair. 

Similar  ulcers  are  sometimes  seen  upon  the  feet  of  patients 
afflicted  with  anaesthetic  leprosy,  and  are  in  such  cases   pi 
— in  part  at  least — of  bacterial  origin.     The  writer  amputated  the: 
foot  of  a  patient  for  this  disease.     The  foot  was  misshapen  ami. 
greatly   clubbed,   and   upon   the   most  dependent  point   an    ulcer- 
existed  which  seemed  largely  due  to  pressure. 

Ulcers  may  be  classified  according  to  certain  changes  or  com  pi  i.  — 
cations  which  occur  during  their  existence.     An  inflamed  ulcer 
one  in  which   the  base  and  surrounding  parts  are  more  or  1 
acutely  inflamed.      The  ulcerated  surface  is  intensely  red,   bleeds 
easily,  aud  secretes  pus  freely.     It  may  be  at  times  covered  witJh 
sloughs  or  croupous  membrane.     The  borders  are  swollen,  and  t"He 
surrounding  skin  is  often  tense  and  shiny  and  excessively  tender. 
These  conditions  are  caused  by  neglect,  by  application  of  irritating- 
substances,  or  by  contact  with  acrid  secretions.     Ulcers  in  this 
condition  often  become  very  painful. 

■histit  ulcer  is  one  in  which  great  sensitiveness  persists  and 


is  bard  to  relieve.  The  ulcerated  surface  has  the  appearance  of  a 
tissue  which  is  not  in  an  active  state  of  repair  There  is  no  tend- 
ency of  the  edges  to  cicatrize:  they  present  rather  the  appearance 
of  \K\ng  bitten  out*  The  slightest  touch  is  often  excruciatingly 
painful.  Painful  ulcers  are  often  found  in  the  neighborhood  of 
isitive  parts,  as  the  anus.  The  cause  of  the  great  sensitive- 
ness has  been  ascribed  to  an  unusual  thinness  of  the  granulation  tis  ■ 
sue.  It  is  often  due  to  pronounced  anaemia  following  loss  of  blood 
or  to  severe  disease,  and  disappears  with  a  return  to  the  normal  con- 
dition of  nutrition  (Winiwarter). 

The/unjrtws  niter  is  caused  by  an  excessive  growth  of  granula- 
tions.   This  growth  is  due  to  an  abundant  blood-supply  without 
anv  disposition  on  the  part  of  the  edges  to  approximate  themselves. 
They  are  found  upon  very  vascular  parts  where  the  epidermis  is 
thick,  as  on  the  hands  and  the  feet.     Such  a  condition  of  the  gran- 
ulation is  popularly  known  as  "proud  flesh/'  which  is  supposed  to 
be aii  obstacle  to  the  healing  process.     It  often  happens  in  wounds 
uf  the  hands  or  of  the  feet  that  a  luxuriant  growth  of  granulations 
will  form  a  little  tumor  projecting  above  the  somewhat  rigid  edges 
of  the  skin.      The  epidermis  pushes  its  way  into  the  granulations 
and  a  mushroom-like  tumor  is  formed  with  a  small  pedicle.     If  the 
tumor  is  cut  off,  an  arteriole  of  considerable  size  is  found  around 
which  new  tissue  is  rapidly  formed,   and  the  tumor  grows  again 
before  the  sluggish  epidermis  succeeds  in  closing  the  wound.    Such 
Ition  tumors  must  be  shaved  off  even  with  the  surface,  and 
the  small  opening  left  should  be  cauterized  with  a  stick  of  nitrate 
of  silver,  so  as  to  destroy  the  nutrient  artery.     Compression  should 
tkn  be  applied  aud  the  ulcer  will  readily  heal.     Fungous  granula- 
ften  protrude  from  the  mouths  of  fistula?,  particularly  those 
leading  to  tuberculous  abscesses  or  to  a  foreign  body. 

Baarrkagu  ulcers  are  most  frequently  seen  in  scurvy.  The 
ulcerated  surface  is  a  livid  blue,  and  the  granulations  readily  break 
down.  A  vicarious  hemorrhage  is  sometimes  seen  in  cases  in  which 
has  been  a  suppression  of  the  menses  or  an  arrest  of  bleeding 
hemorrhoids  (Winiwarter). 
Torpid  uh-ers  are  seen  in  individuals  suffering  from  the  cachexia 
an  acute  or  a  chronic  disease,  in  consequence  of  which  there  is 
lished  blood-supply  to  the  part.  The  granulations  are  pale 
and  the  secretion  is  thin  and  watery. 

u'lous  u/rerls  one  which  has  existed  without  material  change 

size  for  a  long  period.     The  surface  is  dirty  and  it  secretes  a 

nvuco- purulent  material.      The  edges  are  raised  considerably 


mi 
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above  the  surface,  and  the  skin  for  some  distance  around  is  indu- 
rated and  immovable.     Old  varicose  ulcers  often  present  this  type 

IViagcrfcmc  ulcers  are  those  which  spread  rapidly  with  symptoms 
of  great  local  irritation.  They  are  seen  in  epidemics  of  gangrene 
or  ill  ulcers  which  have  been  treated  by  irritating  applications.  A 
chancre  may  occasionally  become  phagedenic,  and  when  in  this 
condition  it  is  an  unusually  obstinate  affection.  Antiseptic  lotions 
and  the  application  of  iodoform  in  powder,  with  tonic  treatment, 
will  usually  arrest  the  process.  If  the  miserable,  broken-down 
Individuals  who  are  usually  the  subjects  of  this  form  of  ulcer  can 
be  placed  in  favorable  surroundings,  the  disease  will  readily  yield 
to  treatment. 

The  treatment  of  ulcers  in  general  consists  primarily  in  the  ele- 
vation of  the  part,  so  that  the  circulation,  which  is  an  important 
factor  in  their  development,  may  properly  be  regulated.  The  pas- 
sive hyperemia  which  exists,  particularly  in  the  case  of  varicose 
veins,  must  be  relieved,  in  order  that  the  parts  may  return  to  their 
natural  condition  and  that  they  may  thus  be  enabled  to  carry  on 
the  process  of  repair.  A  neglected  ulcer  is  usually  in  a  very  foul 
condition,  owing  to  the  decomposition  of  pus  and  sloughs  confined 
beneath  scabs  and  to  the  presence  of  macerated  epidermis  contain- 
ing a  great  variety  of  bacteria. 

An   antiseptic  poultice  of  carbolic  acid  or  of  phenyl  (i  :  250), 
applied  to  the  limb  after  the  patient  has  been  placed  in  a  bed, 
usually  suffices,  with  frequent  antiseptic  washings,  to  remove  all 
odor  in  a  few  days:  the  poultice  eventually  cleans  the  wound  tl 
oughly  and  enables  the  parts  to  throw  out  healthy  granulations. 
Among  cleansing  washes  may  be  mentioned  peroxide  of  hydro 
weak  solutions  of  permanganate  of  potash  of  a  strength  slightly 
to  redden  water,  chlorinated  soda,  and  carbolic  acid,  all  of  which 
owe  their  virtue  in  part  to  their  ability  to  penetrate  greasy 
stances.     A  weak  wash  of  tincture  of  iodine  may  also  be  use- 
advantage,  particularly  if  there  is  any  reason  to  suspect  the  pres- 
ence of  tubercle.      If  it  is  desired  to  apply  a  dry  dressing,  iodo- 
form or  aristol  may  be  used  if  the  odor  is  strong.     Dermatol  pow- 
der has  a  soothing  effect,  and  has  the  advantage  of  being  odorless 
In  mild  types  of  ulcer  pure  zinc  ointment  is  a  useful  dressing, 
forms  a  protective  layer  which  cannot  easily  be  removed. 

Erethistic  or  painful  ulcers  are  usually  not  amenable  to  any 
form  of  dressing.  Poultices  are  complained  of  bitterly  as  heating 
anrl  "drawing."  A  perfectly  neutral  material,  like  vaseline, 
answers  best  on  such  ulcers.       An  ointment  composed  of  hydro- 
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chlorate  of  cocaine,  12  grains  to  the  ounce,  applied  once  daily, 
gave  great  relief  in  the  writer's  experience.  A  protective  of 
gutta-percha  tissue  is  often  superior  to  any  other  dressing  in  cases 
of  erethistic  ulcers. 

Indolent    ulcers   are   often    stimulated    by    the    application    of 

balsam  of  copaiba  or  balsam  of   Peru  on  charpie.      Tincture  of 

myrrh,  1  drachm  to  the  ounce  of  water,  applied  on  charpie,  has  a 

very  tonic  effect  upon   the   granulations.     The  patient  should  be 

encouraged  in  cases  of  ulcers  of  the  lower  extremities  to  keep  the 

limb  elevated.     If  possible,    he   should   remain    in   bed,   and   he 

should  be  impressed  with  the  importance  of  absolute  rest  to  the 

part. 

When  it  is  necessary  to  treat  the  case  as  an  ambulating  one,  the 
passive  hyperaemia  may  be  relieved  by  pressure  by  bandage  or  by 
adhesive  piaster.     The  ulcer  should  then  be  strapped  with  narrow 
overlapping  strips  of  diachylon  or  with  rubber  plaster.     A  flannel 
bandage,  cut  bias  and  about  4  inches  wide,  shoxild  then  be  applied 
from  the  toes  to  the  knee.     The  plaster  may  be  allowed  to  remain 
two  or  three  days  ;  the  pus  which  collects  beneath  the  plaster  dur- 
ing this  time  is,  in  favorable  cases,  of  an  unirritating  character 
and  serves  the  purposes  of  a  moist  dressing.     The  rubber  bandage 
can  be  used  successfully  for  the  same  purpose,  as  rubber  is  usually 
nuirritating   to   granulating    surfaces.     The   patient   may   be   in- 
structed in  its  application,  and  the  bandage  may  be  removed  once 
or  twice  daily  for  the  purpose  of  washing  the  ulcerated  surface. 
The  rubber  bandage  is,  however,  an  uncomfortable  and  inelegant 
mode  of  treatment,  being  suitable  only  for  laboring  people  who 
not  spare  the  time  for  more  elaborate  treatment. 
Many  ulcers  owe  their  inability  to  heal  to  the  firm  adhesion  of 
the  surrounding  skin  to  the  parts  beneath.     Much  benefit  has  been 
obtained  by  lateral   incisions,  which  release  the  edges  of  the  ulcer 
cicatrization   to  go  on.     By   far  the  most  effective  of 
operative  procedures  is  skin-grafting  after  the  method  of  Thiersch. 
peration  is  so  simple  that  it  can  readily  be  performed  by  any 
:oner.     It  consists  in  the  removal  of  the  granulating  surface 
aping  with  a   curette   or   by  shaving  with  an  amputating 
knife.     The  parts  should  be  washed  thoroughly,  and  all  antisep- 
tic agents  should  be  removed  with  boiled  water  or  with  a  steril- 
ised salt  solution,  .6  per  cent.     Thin  shavings  of  skin  should  be 
loved  from  the  thigh  of  the  patient,  the  parts  having  also  been 
carefully   washed   beforehand.     The   portions   removed   should   be 
about  1  inch  in  width  and  from  2  to  6  inches  in  length.     They 
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should  be  so  laid  upon  the  re-freshened  surface  of  the  ulcer  as  to 
overlap  one  another  slightly,  and  should  extend  a  short  distance 
beyond  the  margin  of  the  wound.  Thin  strips  of  gutta-percha 
tissue  or  of  thin  rubber  should  be  laid  over  grafts,  and  an  aseptic 
dressing  should  then  be  applied.  The  dressing  should  be  renewed 
in  about  three  days.  If  the  grafts  have  adhered,  they  will  be 
found  to  have  a  slightly  pinkish  tinge.  Too  long  use  of  the 
rubber  tissue,  owing  to  the  macerating  influence,  endangers  the 
life  of  the  grafts. 

Small  ulcers  may  be  grafted  in  this  way  without  etherization. 
In  such  cases  a  subcutaneous  injection  of  cocaine  will  be  needed  to 
produce  local  anaesthesia.  In  large  ulcers  great  attention  to  all 
details  is  needed  to  ensure  success,  but  in  small  ulcers  the  opera- 
tion may  be  performed  successfully  without  any  elaborate  prepara- 
tions. In  the  case  of  ulcer  upon  the  leg  the  patient  should  not  be 
allowed  to  walk  for  several  weeks  after  the  operation,  as  the  cica- 
tricial tissue  will  break  down  and  the  ulcer  will  reappear  if  the 
limb  is  placed  in  a  dependent  position  at  too  early  a  date. 

5.  Fistula. 

A  fistula  may  be  denned  as  an  abnormal  opening  into  a  normal 
cavity  or  organ  or  as  a  long,  narrow  channel  indisposed  to  heal. 
In  the  former  case  the  wound  may  have  healed,  but  the  hole 
remains,  through  which  the  normal  secretions  escape.  A  fistula 
which  communicates  with  a  suppurating  cavity  resembles  in  i 
nature  an  ulcer,  and  like  that  affection  may  be  the  result  of  th^ 
failure  of  an  abscess  to  heal.  It  is,  in  fact,  a  cylindrical  ulcer- 
and  its  walls  resemble,  histologically,  the  surface  of  an  ulcer.  C 
is  surrounded  by  a  mass  of  more  or  less  indurated  and  infiaui 
tissue,  and  its  surface  consists  of  a  layer  of  granulation  tisst^. 
which  shows  all  the  varieties  of  appearance  seen  in  ulcers, 

A  fistula  may  be  caused  by  the  anatomical  relations  of  the  pa^i 
or  by  the  peculiar  shape  of  the  wound  or  abscess-cavity.  It  ma 
be  due  to  the  escape  of  physiological  secretions  or  excretions,  su«?3 
as  saliva  or  fseces,  and  it  may  also  be  due  to  the  presence  of  t 
foreign  body  or  a  sequestrum  or  fragment  of  sloughing  tendon. 

After  laparotomy  or  extirpation  of  a  tumor,   like  that  of  the 
thyroid   gland,    where   numerous  ligatures  are   used,    a   fistulous 
opening  frequently  remains,  leading  to  a  ligature  which  has  not 
been  enclosed  in   the  cicatricial  tissue. 

When  pus  has  burrowed  for  a  considerable  distance  beneath  the 
skin,  and  a  long  and  narrow  granulating  surface  has  been  estab- 
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lished,   the  mere  shape  of  the  cavity  is  in  itself  an  obstacle  to 

-itrization,  as   the   secretions   have  no  opportunity  to  escape. 

The  presence  of  a  specific  virus  like  that  of  tubercle  or  cancer  is 

ilso  an  adequate  cause  for  the  permanence  of  a  fistulous  opening. 

The  treatment  of  the  fistulous  ulcer  consists  in  laying  it  open, 

that  it  may  be  converted  into  a  wound  with  a  wide  opening  that 

iv  heal  from  the  bottom,  or  in  the  removal  of  the  foreign  body 

rhich  prevents  cicatrization,   or   in  the  application  of  medicated 

substances  to  its  inner  surface. 

When  B  fistula  is  surrounded  by  inflamed  and  indurated  tissue 
the  condition  is  usually  due  to  contained  secretions  which  have 
been  prevented  from  escaping   by  imperfect  efforts  at  cicatriza- 
tion.   In  such  cases  poultices  or  soothing  applications  should  be 
employed  to  allay  all  irritation  before  any  attempt  is  made  to  favor 
repair. 

The  fistulous  opening  must  then  be  enlarged,  and  the  canal 
must  be  made,  if  possible,  an  open  wound,  to  which  a  dressing  may 
be  applied  throughout  its  whole  surface.      All  foreign  bodies  must 
of  course  be  removed,  and  secretions  of  pus  be  allowed  full  vent. 
ses  which  run  subcutaneously  should  be  laid  open  freely  and 
the  various  ramifications  followed  to  their  extremities.     The  sur- 
face of  the  fistula  should  then  be  curetted  thoroughly,  so  that 
altliy  granulations  may  replace  the  indolent  tissue  which  existed 
ere. 

Small  fistula;  can  completely  be  extirpated  and  the  healthy  tis- 
can  be  brought  together  and  made  to  heal  by  first  intention, 
frtfa  careful  antiseptic  precautions  this  method  may  be  carried  out 
I  cases  of  fistula  in  0A&,  which  are  usually  tubercular  in  origin. 
I  cases  in  which  neither  incision  nor  excision  are  applicable  the 
iienno-cautery  may  be  used  with  success. 

Medicated  injections  that  may  be  used  to  exert  a  healing  influ- 
nce  upon  the  walls  of  a  fistula  arc  numerous.     Solutions  of  car- 
bolic acid  (i :  200)  or  phenyl  (1  :  250)  may  be  employed  for  the  pur- 
poee  of  disinfection.     Corrosive  sublimate  is  not  so  useful  for  this 
owing  to  its  inability  to  penetrate  greasy  substances  and 
i  conversion  into  an  inert  aluminate. 

If  there  is  reason  to  suspect  tuberculosis,  a  weak  solution  of 

tincture  of  iodine,  of  about  the  color  of  sherry  wine,  is  an  efficient 

application.     A  10  per  cent,  emulsion  of  iodoform  in  glycerin,  and 

Krause's  emulsion,  which  also  contains  gum  arabic  and  carbolic 

acid,  are  valuable  remedies  in  tuberculous  fistulae.     Peroxide  of 

hydrogen  may  be  employed  as  a  cleansing  agent  for  fistulous  ulcers. 


VIM.  INFECTIVE    INFLAMMATION. 


Acute  Osteomyelitis. 

Acute  OSTEOMYELITIS  is  a  disease  which  furnishes  our  hospitals 
with  the  greater  portion  of  the  cases  of  necrosis  that  students  are 
accustomed  to  see  operated  upon  in  the  amphitheatre,  but,  although 
common,  it  has  escaped  general  attention  from  surgeons  in  its 
rlier  stages.      It  is  only  the  sequelae  of  the   disease   that   one 
sually  has  an  opportunity  to  study.     The  disease-process  itself 
in  acute  course,  and  at  times  presents  a  group  of  symptoms 
so  grave  and  so  obscure  a  character  that  Its  true  nature  is  fre- 
luently  overlooked.     It  has  often  been  mistaken  for  typhoid  fever 
for  acute  rheumatism;  hence  such  names  as  "bone  typhoid," 
The  pathological  anatomy  of  the  disease  has  only  been  inter- 
preted  correctly  within  comparatively  recent  years.     The  older  sur- 
>ns  who  had  occasion  to  open  the  abscesses  that  formed  in  the 
early  stages  of  this  affection  found  the  collection  of  pus  between 
the  periosteum  and  bone,  and  concluded  that  they  had  to  deal  with 
a  suppurative  periostitis;  the  same  mistake  is  frequently  made  at 
the  present  time.      Now  that  more  is  known  about  the  etiology  of 
the  disease,  and  the  fact  is  recognized  that  these  acute  bone-suppu- 
rations are  caused  by  the  growth  of  the  pyogenic  cocci,  whether 
they  arise  in  the  medulla,  the  spongy  or  the  cortical  bone,  or  the 
riosteuui.  and  that  frequently  all  these  portions  of  the  bone  are 
nvolved,  it  seems  important  to  discard  a  nomenclature  which  gives 
i  imperfect  idea  of  the  nature  of  the  disease,  and  to  employ 
the  more  comprehensive  term   osteomyelitis. 

This  form  of  bone-iuflanimation  is  seen  most  frequently  in  child- 
hood.    A  young  lad  bruises  or  sprains  his  leg  during  play  or 
|  exposes  himself  for  an  unusual  length  of  time  to  wet  and  cold. 
Presently  acute  febrile  symptoms  usher  in  an  attack  of  illness,  and 
it  is  soon  discovered  that  the  knee-joint  is  apparently  involved  in  a 
rheumatic  inflammation.     A  more  careful  examination  shows  the 
seat  of  the  morbid  process  to  exist  in  the  lower  portion  of  the  femur 
or  in  the  upper  end  of  the  tibia.    The  local  symptoms  become  more 
marked,  and  the  constitutional  disturbance  may  be  so  great  that  in 
exceptional  cases  the  patient  succumbs  in  a  few  days  to  symptoms 

I;  1W3 


kj4        SURGICAL    PATHOLOGY  AND    THERAPEUTICS. 

of  septicaemia.  In  the  majority  of  cases  the  formation  of  an  abscts* 
is  soon  apparent,  and  with  the  outlet  of  the  pus  the  general  symp. 
toms  subside.  The  wound  thus  made  does  not  heal,  and  aftei 
months  of  waiting  the  patient  applies  to  a  surgeon,  who  finds  a 
mass  of  dead  bone  at  the  bottom  of  the  fistulous  tract.  Such  a 
condition,  if  not  relieved  by  surgical  interference,  may  last  a  life- 
time, or  the  patient  may  die  eventually  from  the  effects  of  pro. 
longed  suppuration. 

The  etiology  of  this  disease  is  now  thoroughly  understood,  a 
large  number  of  observers  having  identified  the  pyogenic  cocci  as 
the  organisms  which  are  found  in  the  pus  from  these  bone-abscesses. 

Pasteur  was  one  of  the  first  to  recognize  the  fact  that  this  inflam- 
mation of  bone  was  caused  by  a  micrococcus,  and  Ogston  found 
pyogenic  cocci  in  the  pus  of  a  case  of  osteomyelitis.  At  one  time 
in  the  early  history  of  these  experiments  in  France  and  Genn.tr/. 
it  was  supposed  that  a  specific  organism  was  the  cause  of  tb< 
ease,  but  later  studies  have  shown  this  theory  to  be  untenable. 
Rosen  bach  made  one  of  the  first  systematic  studies  of  the  bacteria 
origin  of  the  disease,  and  in  fifteen  cases  of  osteomyelitis  he  foun« 
the  staphylococcus  fourteen  times — once  with  the  albus  and  one 
with  the  streptococcus — and  in  the  fifteenth  case  he  found  tti 
albus  alone.  He  succeeded  in  imitating  successfully  Kocher" 
experiment,  which  consisted  in  the  injection  of  pus  into  the  vei 
of  an  animal  after  fracture  of  one  of  its  bones,  thus  producing  SUJ 
puration  of  the  bone,  Rosenbach's  inoculations  were  made  wit 
the  pure  culture  of  the  aureus,  and  suppuration  was  invariably  pr« 
duced  if  the  bone  had  previously  been  fractured. 

Among  the  most  elaborate  experiments  are  those  of  Courmoi 
and  Jaboulay.  These  observers  injected  two  drops  of  a  culture  c 
the  staphylococcus  into  the  veins  of  a  young  rabbit,  which  w 
taken  ill  in  forty-eight  hours  with  swelling  of  both  knees.  Desk 
occurred  at  the  end  of  eight  days.  Abscesses  were  found  in  bo 
kidneys  and  in  the  muscles,  particularly  those  of  the  heart  Ser 
purulent  arthritis  of  the  knee-joint  was  also  found.  Congestion  j 
the  epiphyseal  region  of  the  lower  extremity  of  the  corresponding 
thigh  was  observed.  In  similar  cases  evidences  of  periostitis  wen 
seen,  and  sequestra  were  found  near  the  epiphyseal  line.  Pus  from 
an  abscess  of  the  arm  produced,  on  injection,  medullary  abscesses 
in  rabbits  a  few  weeks  old.  Streptococci  taken  from  a  case  of  | 
peral  septicaemia  produced  abscesses  in  the  ends  of  the  long  bones 
of  rabbits  near  the  epiphyseal  cartilages. 

These  observers  conclude  that  this  disease  may  be  caused  bv  both 


:d  experiments  that  he  was  unable  to  produce  the  disease  by 
tions  of  the  virus  unless  some  kind  of  injury  had  previously 
inflicted  upon  the  bone.  The  application  of  a  temporary 
ire  to  a  rabbit's  leg  for  from  twelve  to  fourteen  hours  was 
!  to  cause  certain  changes  in  the  marrow  of  the  bones,  partic- 
le extravasations  and  circumscribed  hemorrhages,  which  were 
ient  to  predispose  these  parts  to  infection.  Ullmann  considers 
taphylococcus  as  the  usual  cause  of  osteomyelitis. 
ske  obtained  in  two  out  of  five  cases  of  osteomyelitis  a  pure 
of  the  aureus.  In  three  cases  numerous  organisms  were 
aong  them  being  two  forms  of  bacilli.  Those  cases  in 
several  kinds  of  bacteria  were  found  appeared  to  be  of  a 
jalignant  type,  as  when  a  mixed  infection  of  streptococci 
3acilli  was  found. 

raske  points  otit  that  many  cases  closely  resemble  pyaemia  in 
origin.  It  often  happens  that  an  osteomyelitis  may  originate 
.in  .ihscess  of  the  skin  or  of  the  subcutaneous  connective  tis- 
hich  has  already  healed.  This  author  suggests  that  the  tonsil 
ilso  be  the  point  of  entrance  of  the  virus.  He  doubts  the 
jility  of  an  invasion  through  the  intestinal  tract,  but  thinks 
he  respiratory  organs  may  offer  an  entrance  to  the  bacteria. 
raite  probable  that  the  virus  often  enters  through  excoriations 
iises  or  small  wounds  in  the  skin.     The  recurrent  forms  seen 

Ct  life  are  explained  by  Kraske  as  due  to  the   presence  of 
irtitMi  haw*   Tpmiini'd    for  a  Inner  ttrnf*    **nranKTi1ed     and    have 
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of  syphilis.  Changes  in.  the  bone-marrow  are  set  up  in  a  large 
number  of  infectious  diseases,  such  as  typhus,  typhoid,  or  intermit, 
tent  fever,  and  suppurative  changes  can  easily  be  established  in  the 
bone  under  these  circumstances. 

According  to  some  observers,  the  typhoid  bacillus  is  capable  of 
producing  suppuration.     Frankel  found  only  the  typhoid  bacilli 
ao  abscess  of  the  abdominal   wall  after  typhoid   fever,   but  Park 
found  the  staphylococcus  with  the  typhoid  bacilli  under  similar 
circumstances.     These  bacilli  have  been  detected  in  subperiosteal 
abscesses  by  Bbermaier,  who  considers  that  they  reach  the  perios- 
teum from  the  medullary  part  of  the  bone  through  the  Haver 
canals.     Park  observed  only  the  pyogenic  cocci  in  post-scarlatinal 
abscesses:  whether  a  specific  organism  of  the  disease  is  also  present* 
can  only  be  determined  after  the  nature  of  scarlatinal  vims  is 
understood.     It  is  possible  that  the  specific  organisms  of  cer 
diseases  may  become  localized   elsewhere  at  first,   and,   when  th 
system  is  debilitated  by  the  effects  of  the  disease  thus  produ 
bring  about  suppuration  in  the  bones. 

Koplik  found  pure  cultures  of  the  streptococcus  in  several  c 
of  osteomyelitis  in  infants,  but,  as  this  author  states,  all  the  cas 
belonged  to  the  so-called    "septico-pysemic11   class.     Cultures 
these  organisms  injected  into  the   circulation  of  healthy  rabbitr^ 
caused  an  inflammation  of  the  joints  of  the  posterior  extremiti 
terminating  in  suppuration.     The  medulla  of  the  bones  correspon 
ing  to  these  joints  was  invaded  with  streptococci.     These  exper: 
meats  suggest  the  theory  that  cases  of  multiple  osteomyelitis 
due  to  the  agency  of  the  streptococcus. 

A  glance  at  the  anatomy  of  the  ends  of  the  long  bones  th 
some  light  upon  the  selection  of  this  particular  point  as  the 
of  suppurative  disease.     This  region  is  called  by  Oilier  **  the  zor^m 
of  election  of  pathological  processes."     Near  the  epiphyseal  CM 
lage,  which  separates  the  diaphysis  or  shaft  from  the  epiphys*  is, 
there  exists  in  growing  bones  a  newly-formed  spongy  tissue,  v^^ry 
vascular  and  connected  with  the  cartilage  by  a  spongy  layer  of  tis- 
sue, which  is  not  yet  bone,  but  which  does  not  possess  a  cartila^ 
inous  structure.     It  is  in  this  portion  of  the  organ  that  the  1 
active   changes  take   place  during   the   period   of  growth.      Tie 
medullary  substance  is  very  vascular  at  this  point:  it  is  red 
without  fatty  tissue.     It  communicates  with   the  medullary  cast] 
and  with  the  periosteum  by  a  number  of  vascular  channels.     The 
epiphyseal  cartilage  itself  is  intimately  blended  with   the  perios- 
teum.    The  diaphyseal  side  of  the  cartilage  produces  much  more 


bone  than  is  found  on  its  epiphyseal  margin.  There  is  also  an 
active  growth  of  bone  in  the  periosteum,  and  it  is  in  these  regions 
and  in  the  medullary  canal  that  the  inflammatory  processes  orig- 
inate. The  question  has  been  asked  whether  the  disease  begins  at 
that  end  of  the  bone  toward  which  the  nutrient  artery  is  directed. 
If  this  were  the  case,  the  fact  would  suggest  for  the  inflammation 
an  embolic  origin  which  probably  does  not  occur.  In  the  femur 
liic  artery  is  directed  upward,  yet  the  lower  portion  of  the  bone 
is  most  frequently  affected.  The  reverse  conditions  exist  in  the 
tibia. 

The  compact  bone  is  never  primarily  affected ;  in  fact,  the  bony 

tissue  is  of  minor  importance  in  this  form  of  inflammation.     As 

might  be  expected,  the  disease  is  most  frequently  seen  during  the 

period  of  active  growth  in  the  bone.     It  is  much  less  frequently 

seen  in  women  than  in  men,  but  this  is  probably  due  to  the  fact 

that  the  former  are  less  exposed  to  injury. 

Among  other  predisposing  causes  are  those  which  bring  about 
an  enteebled  condition  of  the  system,  such  as  unhealthy  surround- 
ings and  poor  food  or  long  exposure  and  fatigue.     In  enfeebled 
individuals  the  tissues  are  less  resistant  to  the  action  of  bacteria. 
nann  was  able  to  produce  the  disease  experimentally,  by  injec- 
tion, in  animals  suffering  from  a  considerable  loss  of  blood,  and  he 
found  that  in  these  cases  no  previous 
injur)-  of  the  bone  was  necessary. 

Some  slight  injury,  such  as  a  blow, 
not  unfrequently  a  kick,  given  to  a  boy 
by  his  playmate,  or  a  sprain,  is  sufficient 
to  produce  in  this  delicate  tissue,  with 
its  rich  vascular  supply,  a  bruising  of 
tie  vessels  and  an  effusion  of  blood — at 
nts,  a  certain  amount  of  damage 
which  temporarily  interferes  with   the 
natrition  of  the  part.      Minute  fractures 
of  the  bony  trabeculce  not  unfrequently 
are  found  after  such  injuries.     At  these 
points  the  bacteria  which  may  be  circu- 
in  the  blood  move  in  a  compara- 
tively confined  vascular  area,  and  readily 
rind  lodgment  in  the  bruised  tissues  or 
iood-clots.     Where  th e  pa thologicat 
process  originates  the  unyielding  nature  of  the  tissues  favors,  at 
times,  a  rapid  spread  of  the  inflammation  through  the  Haversian 


FlG.  37. — roint  of  Origin  of  Sup- 
puration in  Osteomyelitis. 


canals,  through  which  the  blood-vessels  pass.      A 
inflammation  remains  for  a  period  localized  | 

The  red  color  of  the  medulla  of  youth  is  preserved  in  the  bones o 
the  trunk  and  the  head  during  growth  and  in  adult  life,  but  it  is  Ice 
in  the  medulla  of  the  bones  of  the  extremities,  where  the  tissue  is o 
a  yellow  hue,  due  to  the  presence  of  fatty  tissue.  In  osteomyeliti 
this  tissue  becomes  reddened,  but  unlike  the  nonnal  medullary  tint 
and  there  is  an  increase  in  the  consistency  of  the  tissue.  The  fat 
cells  disappear,  and  the  part  becomes  infiltrated  with  granulation 

I  cells  and  some  red  corpuscles.  There  is,  in  fact,  a  great  increase  ii 
the  number  of  leucocytes  and  of  cells  containing  red  masses  and  pig 
ment-granules,  and  an  increase  also  in  the  number  of  leucocyte 
throughout  the  organism,  so  that  an  "inflammatory  leukaemia1 
has  been  said  to  exist.  The  spleen  may  be  enlarged,  and  hemoi 
rhagic  exudations  are  often  found  in  the  serous  cavities.  Ullroan 
found,  in  dogs  with  osteomyelitis,  that  the  leucocytes  were  increase 
from  four-  to  sixfold.  The  inflammatory  exudation  is  not  diffusa 
however,  but  collects  at  numerous  foci,  which  give  to  the  part 
mottled  appearance  due  to  local  congestions  and  to  extravasatioi 

■  of  blood.  As  these  foci  soften  they  turn  yellowish-gray  or  dai 
red  according  to  the  amount  of  blood  or  pus  they  contain,  T1 
bone,  on  section,  shows  collections  of  pus  or  of  spongy  tissue  ini 
trated  with  pus.  The  numerous  abscesses  are  varied  in  form  ai 
size,  and  are  often  arranged  in  rows  near  the  epiphyseal  ca 
As  soon  as  suppuration  is  established  there  forms  a  Hue  of  granul 
tions  which  separates  the  diseased  from  the  healthy  tissue.  N< 
tissue  is  formed  both  in  the  medulla  and  in  the  periosteum,  ca 
taming  many  osteoblasts,  which  are  capable  of  producing  n< 
bone.  An  absorption  of  tissue  takes  place  at  these  points,  th 
separating  the  dead  from  the  living  bone. 

As  the  amount  of  pus  increases,  it  either  spreads  by  innltratic 
along  the  interior  of  the  shaft  of  the  bone  or  it  works  its  m 
through  some  of  the  natural  channels  (as  the  Haversian  canals)  I 
the  surface,  and  accumulates  beneath  the  periosteum,  separating 
from  the  bone  (Fig.  38).  When  the  pus  breaks  through  this  1 
lion  it  burrows  next  between  the  muscles,  and  it  may  form  one  ( 
more  distinct  abscesses.  The  pus  which  they  contain  is  at  first  0 
a  brownish  color,  occasionally  has  a  very  foul  odor,  and  is  accorap 
nied  by  the  discharge  of  extensive  sloughs.  It  frequently  contaii 
innumerable  drops  of  medullary  fat,  which  is  said  to  be  quite  a  ch, 
racteristic  feature  of  these  abscesses,  and  therefore  to  possess  a  c« 
tain  diagnostic  value.     This  fat  is  due  to  increased  pressure 


medullary  cavity,  which  forces  the  fat-drops  through  the  Haversian 


I  J  .    jS.— Extension  of  Suppuration  j 
I  >steonjyelilis. 


In  many  cases  the  epiphyseal  cartilage  remains  intact  through 

tllthis  inflammation,  and  offers  an  ef- 
fective ban-ier  against  the  spread  of 

the  disease  toward  the  joint     In  some 

esses,  however,  it  is  broken  through 

and  disappears,  and  the  disease  attacks 

the  epiphysis.     One  joint  may  be  af- 
fected either  by  a  direct  extension  of 
is  in  this  way  through  the  bone 

or  by  the  more  circuitous  route  from 

abscesses  which   have  perforated  the 

wriosteum  and  eventually  have  pushed 

their  way  through  the  capsule.     As  the 

epiphyseal  cartilage  is  absent  in  the 

idnlt,  the  joint  is  more  likely  to  be 

affected  at  this  period  of  life. 
The  effect  of  this  acute  suppurative 

process  is  to  cause  necrosis  or  death  of 

the  bone.     When  the  shaft  of  the  bone  is  involved  in  the  ordiu 
few  fine,  needle-like  particles 

of  dead  bone   may  be  found   in   the 

medullary  canal  during  the  first  few 
of   the    process.      Later,    larger 

fragments  may  be  found  to  have  sep- 
arated, either  as  exfoliations   from  the 

surface  or  as  fragments  from  the  denser 

portions  of  the  medullary  bone.    When 

the  pus  reaches  the  periosteum,  it  may 

burrow  for  a  long  distance  beneath  it, 

and  a  large  portion  of  the  shaft  may 

thus  be  deprived  of  its  external  blood- 
As  a  consequence  of  this  com- 
plication considerable  portions  of  the 

tone  may  die,  and  in  rare  instances 
the  whole  diaphysis  or  shaft  may  be 
destroyed  (Fig.  39).  There  then  re- 
sults what  is  called  "total  necrosis " 
of  the  bone.     Usually,  however,  only 

a  small  part  of  the  shaft  suffers,   and  the  sequestra  thus  formed 
rarely  exceeds  one-third  or  one-quarter  the  length  of  this  portion  of 


Fig.  39. — Necrosis  of  the  Shaft  and 
Periosteal  Formation  of  Bone. 
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the  bone.  The  extent  of  the  necrosis  is  greater  near  the  poin 
origiu  of  the  suppuration;  that  is,  near  the  epiphyseal  line,  ao 
this  point  it  may  occupy  the  whole  thickness  of  the  bone.  Ne 
the  middle  of  the  shaft  the  necrosis  is  usually  more  superficial, 
does  not  always  follow  that  after  the  periosteum  has  been  a 
rated  the  portion  of  the  bone  thus  exposed  must  necessarily 
Some  of  the  periosteum  thus  separated  may  subsequently  beo 
reunited  to  the  bone.  The  dead  bone  can  usually  be  recogni; 
when  inspected  through  freshly-opened  abscesses,  by  its  yellov 
color  and  by  the  absence  of  the  mottled  appearance  of 
bone.  As  the  result  of  an  extensive  necrosis  there  may  be 
rare  cases,  a  spontaneous  fracture  of  the  bone  at  some  point  it 
shaft.  But  this  occurrence  is  usually  prevented  by  the  forma 
of  new  bone,  which  begins  a  few  weeks  after  the  old  bone 
been  destroyed.  Separation  of  the  epiphysis  also  often  occ 
but  in  the  majority  of  cases  the  suppuration  has  only  been  suffic 
to  separate  part  of  the  epiphysis  from  the  shaft  of  the  bone. 

When  the  bone  dies  it  becomes  a  foreign  body,  still  attache 
the  adjacent  live  bone,  but  separated  from  its  covering  of  pe 
teum  by  a  layer  of  pus.  It  lies,  in  fact,  in  the  centre  of  an  abs< 
After  the  abscess  breaks  the  periosteum  comes  more  or  less  cl« 
in  contact  with  the  shaft  of  the  bone,  and  in  a  few  weeks  it  is  k 
that  bony  tissue  is  forming  in  the  granulation  layer  lining  the  i 
osteal  wall  of  the  cavity.  The  formation  of  new  bone  takes  \ 
slowly,  however,  and  it  may  be  several  months  before  sufn< 
bony  tissue  is  found  to  supplant  that  which  is  gradually  separa 
as  a  sequestrum.  It  is  an  important  provision  of  Natui. 
does  not  permit  the  live  bone  to  free  itself  entirely  of  the  sec 
trum  until  the  work  of  the  periosteum  has  been  accomplis 
Consequently,  it  is  found  that  when  the  dead  bone  is  fully  sepai 
and  is  ready  to  come  away  from  the  cavity  in  which  it  lies,  it 
become  imprisoned  in  a  wall  of  new  bone  {Fig.  40).  The  pu 
which  the  sequestrum  is  bathed  escapes  through  one  or  more  f 
lous  openings  in  the  newly-formed  bone.  In  cases  in  which 
periosteum  has  partly  been  destroyed  by  the  septic  process  t! 
will  be  no  bony  formation  at  that  point,  and  the  dead  bone 
then  remain  covered  only  by  the  soft  parts,  and  can  easilj 
reached  and  removed  by  the  bone-forceps,  or  it  ma\  be  forced 
gradually  from  its  bed  by  the  exuberant  granulations,  or,  if  si 
in  size,  it  may  be  expelled  through  a  fistulous  opening  in 
integument ;  in  rare  instances  large  fragments  of  bone 
extruded  in  this  way.     The  pus  exerts  only  a  slightly  sol\ 
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upon  the  necrosed  boue,  but  there  are  nevertheless  frequently  sepa- 
rated from  the  larger  sequestra  bony  spicule,  which  from  time  to 
time  are  found  in  the  discharges  upon  the  dressings.  The  seques- 
trum is  more  likely  to  be  affected  by  the  young  growing  grauula- 


VUKHl  of  Sequestrum  and 
Formation  of  Involucrum. 


Fig.  41.— Unhealed  Abscess-cavity,  with 
Eburnation  of  llie  Surrounding  Bony 
Hhm. 


tion  tissue,   by  which  small  sequestra  may  entirely  be  Absorbed. 
The  Urge  portions  of  dead  bone  may,  however,  remain  for  years 
imprisoned   in   their  bonv  cavities.      After  all  sequestra  have  been 
discharged  a  suppurating  cavity  frequently  remains  with  no  tend- 
ency to  heal,  owing  to  the  rigidity  of  its  walls  (Fig.  41).      Such 
-  may  eventually  become  tuberculous.     The  epiphyseal  car- 
tilage in  a  certain  number  of  cases  remains  intact;  in  other  cases 
it  is  partially  affected,  and  in  still  other  cases  it  has  disappeared, 
aid  under  these  circumstances  it  is  usually  found  that  the  epiphysis 
1  the  joint  has  been  involved.     Occasionally,  as  a  result  of 
me  disorganization  of  the  cartilage,  there  is  a  complete  separation 
«  epiphysis  from  the  diaphysis. 

regeneration  of  the  medulla  takes  place  frotn  the  perivas- 

onnective  tissue  in  the  Haversian  canals  which  open  into 

dullary  cavity,  and  also  from  those  portions  of  the  marrow 

M  remain  at  the  epiphyseal  ends  of  the  bone.     From  these 

iped   a  gray  connective   tissue   which  eventually 

assumes  all  the  characteristics  of  the  old  medulla.     On  the  bor- 


_ 
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ders  of  the  newly-forming  bone  are  found  the  osteoblasts 
which  the  new  bony  tissue  is  developed.  This  new  tissue  is  mure 
porous  and  irregular  in  its  arrangement  than  the  old  bone,  and  (he 
bone-corpuscles  it  contains  appear  to  be  larger  than  those  seen  in 
normal  bone- tissue. 

In  some  places  an  absorption  of  bone  may  occur  as  a  result  of 
the  inflammation.  Here  are  found  in  the  porosities  of  the  bony 
tissue  the  large  giant-cells  or  osteoclasts  through  which  absorption 
takes  place. 

Occasionally  there  is  found  a  bipolar  ostitis,  both  juxta-epi 
seal  regions  of  the  bone  being  affected  simultaneously.  The 
disease  begins  in  these  cases  at  one  end  of  the  bone,  and  the 
infective  material  is  conveyed  through  the  medullary  canal  to  the 
other  end.  At  times  the  route  taken  can  be  followed  througi 
the  canal;  at  other  times  the  infection  leaves  no  sign  of  its  pas. 
sage.  In  some  cases  these  bone-inflammations  may  be  multiple, 
several  bones  being  thus  simultaneously  affected,  such  cases  closely 
resembling  pyaemia.  The  latter  disease  is  not  infrequently  a  sequel 
of  the  severer  types  of  this  form  of  bone-inflammation, 
and  Abbot  report  forty-one  cases  of  bone-inflammation  terminating 
fatally  with  symptoms  of  pyaemia.  But  many  of  the  so-called 
cases  of  pysemia  originating  from  osteomyelitis  arc  to  be  regarded 
as  multiple  osttomyelitis,  the  pyogenic  cocci  in  such  instances  con- 
fining themselves  to  the  osseous  system.  Such  forms  of  osteomye- 
litis run  a  far  more  favorable  course  than  pyaemia.  In  combination 
with  such  types  there  may  be  ulcerative  endocarditis.  Such  a  case 
has  recently  occurred  in  the  hospital  ward.  A  boy,  twelve  years  of 
age,  suffering  from  osteomyelitis  of  the  shaft  of  the  left  tibia  and 
the  clavicle,  had  also  marked  valvular  disease.  The  clavicle  wa$ 
treated  by  the  removal  of  a  large  sequestrum  involving  the  entire 
shaft  of  the  bone,  and  amputation  through  the  lower  ffa 
thigh  was  performed,  as  repeated  operations  by  different  surgeons 
failed  to  arrest  the  suppurative  process  in  the  tibia. 

True  pyemia,  however,  may  follow  the  outbreak  of  a  violent 
type  of  osteomyelitis,  and  in  certain  cases  the  patient  may  die  in  a 
few  days  after  the  development  of  inflammation  from  $ept> 
The  latter  complication  sometimes  follows  the  opening  of  a  bone- 
abscess,     Such  a  case  recently  came  under  the  writer's  oba 
tion.     The  patient,  a  gentleman  of  about  sixty  years  of  age,  had 
many  years  before  suffered  from  osteomyelitis  of  the  right  femur, 
which  had  healed  without  necrosis  of  any  extent.    The  abscess  had 
been  forming  for  about  fourteen  days,  and  when  opened  a  large 
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ount  of  fetid  pus  and  sloughs  was  discharged,  and  the  patient 
succumbed  to  acute  septicaemia,  which  supervened.  This 
e  illustrates  also  the  tendency  to  recurrence,  which,  after  years 
apparent  health,  the  disease  sometimes  shows.  These  recurrent 
pi  are  sa»d  to  be  due  to  spores  which  have  become  eucapsuled, 
j,  owing  to  some  local  disturbance,  have  become  free  again. 
Osteomyelitis  is  not  always  found  in  the  long  bones.  It  may 
re  its  seat  in  both  the  short  and  Xheflat  tones.  It  is,  however, 
ich  more  rare  in  the  latter  situation,  and  many  of  these  cases  are 
Oaken  for  tuberculosis.  In  fifty-one  cases  reported  by  Frohner 
I  clavicle  was  found  diseased  eleven  times,  the  scapula  nine 
MB,  the  ileum  nine  times,  and  the  os  calcis  seven  times.  The 
ease  may  occasionally  be  situated  in  the  so-called  "joint 
ion,"  and  it  then  constitutes  what  is  called  epiphyseal  osteo- 
ditis.  There  is  in  this  form  of  the  disease  a  primary  localiza- 
n  of  the  inflammation  in  the  articular  extremity  of  the  bone; 
1  is,  between  the  epiphyseal  and  articular  cartilages.  Under 
se  circumstances  the  joint  is  involved  at  an  early  stage,  for  the 
re  vascular  epiphyseal  cartilage  offers  a  barrier  to  the  spread  of 
disease  toward  the  shaft  of  the  bone,  and  the  pus  can  therefore 
ead  only  in  the  direction  of  the  articular  cartilage.  The  joint 
iction  soon  overshadows  the  disease  of  the  bone,  and  the  patient 
scnts  the  symptoms  of  a  joint  inflammation,  the  origin  of  which 
t  only  be  brought  out  by  a  careful  study  of  the  case.     Jordan, 

0  reports  two  such  examples,  advises  an  early  opening  of  the 
nt  before  it  has  been  destroyed.  Many  such  cases  have  undoubt- 
y  been  mistaken  for  tubercular  disease. 

come  to  a  consideration  of  the  symptoms  of  osteomye- 
s.  As  the  reader  has  already  seen,  this  disease  occurs  most  fre- 
rntly  in  youth  and  after  some  slight  injury  or  from  exposure, 
pcrli3ps  from  no  known  cause.  The  patient  suffers  for  several 
t's  from  prostration,  and  complains  of  pain  in  some  one  joint  or 
the  adjacent  bone.  Presently  a  severe  chill  occurs,  which  is 
lowed  by  high  fever,  frequently  of  a  typhoidal  character.  The 
fee  is  weak  and  rapid  and  the  face  is  flushed,  the  expression  in 

1  gravest  cases  being  one  of  fright  and  stupefaction.  The  tongue 
dry  and  coated,  and  there  is  frequently  some  delirium.  The 
teen  is  slightly  enlarged,  and  there  is  often  a  foul  diarrhoea. 
bese  are  the  symptoms  of  a  grave  septic  infection  of  the  system, 
■obably  from  the  ptomaines  or  toxines  set  free  by  the  invasion  of 
it  bacteria.  At  first  the  only  local  symptom  may  be  pain,  but 
teently  a  swelling  can  be  observed  in  the  neighborhood  of  some 
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joint,  such  as  the  knee,  the  shoulder,  or  the  elbow,  followed  soon 
by  more  or  less  cederaa  of  the  adjacent  soft  parts,  which  oedema 
uMially  surrounds  the  affected  limb.     The  swelling  spreads  in  the 
direction  of  the  axis  of  the  bone,  and  the  skin  becomes  oedema- 
tous  and  the  veins  enlarged.     Although  the  skin  may  not  yet  have 
changed  color,  the  part  is  excessively  painful  to  pressure,  the 
est  movement  of  the  limb  causing  the  patient  to  cry  out  lustily. 
The  pain  is  of  a  boring  or  almost  breaking  character,  and  at  times 
throbbing;  it  is  not  necessarily  always  near  the  epiphyseal  line, 
but  may  be  near  the  middle  of  the  shaft:  it  may  exist  for  several 
days  before  the  most  careful  examination  can  detect  any  local 
change  or  swelling.     As  the  color  of  the  skin  changes  to  a  reddish 
hue  signs  of  fluctuation  appear,  and  if  the  abscess  is  now  o 
the  pus  discharged  is  of  varying  character,  according  to  the 
ular  conditions  of  the  case.    At  times  the  pus  may  be  foul  and  filled 
with  fragments  of  slough  and  decaying  blood.    Again,  the  pus  why 
be  found  comparatively  typical  in  character,  and  it  will  then  lie 
perceived  that  there  are  innumerable  minute  drops  of  fat 
In   it.      These  fat-drops  arise,   as   has   been  explained,   from 
decomposed  medullary  tissue,  having  forced  their  way  out  tlin 
the  Haversian  canals.     Often,  at  this  time,  it  will  be  found 
the  joint  has  begun  to  sympathize,  and  there  may  simply  be  catar- 
rhal synovitis  due  to  the  neighborhood  of  the  severe  inflaramal 
or  the  joint,  from  having  become  infected,  has  begun  to  suppurate. 
In  rare  cases  the  disease  in  a  bone  can  thus  infect  both  articular 
cavities  with  which  it  is  in  contact. 

The  lungs  are  often  also  the  seat  of  inflammations  at  this  period, 
which  inflammations  may  be  caused  by  fat-embolism,  such  as  is 
often  observed  after  extensive  fractures.     This  complication  is  seen 
in  the  early  stages  of  the  disease,  and  appears  as  a  diffuse  catarrh 
with  abundant  expectoration  or  with  symptoms  of  oedema  of  the 
lung.      Later   pneumonia   may  be    found   developing,   cause.! 
emboli  which  have  been  detached  from  infected  thrombi  formed 
in  the  rich   venous  network  in  the  medullary   tissue.     Metastatic 
deposits  may  also  be  found  occasionally  in  other  org  has 

the  kidneys,  and  the  symptoms  of  a  genuine  embolic  pyaemia  m 
in  rare  instances,  gradually  develop.     In  the  majority  of  cases,  how- 
ever, the  situation  is  not  so  grave,  and  with  the  discharge  of  p 
from  the  abscess  the  fever  subsides  and  the  case  assumes  a  chroni 
type.     It  may  then  be  found  that  the  heart  has  been  involved,  ai 
Ui  it  there  has  been  developed  an  endocarditis  due  to  the  attachm 
of  the  bacteria  to  the  endocardium. 


Reluming,  now,  to  the  abscess  which  has  just  been  opened,  it 
will  be  found,  on  introducing  the  finger  into  the  wound,  that  the 
bone  has  been  denuded  of  its  periosteum.    If  the  pus  has  burrowed 
beneath  the  periosteum,  the  bone  will  be  exposed  for  a  considerable 
distance,  and  the  surgeon  will  be  somewhat  startled  to  feel  his 
fiuger  gliding  over  the  smooth  and  slippery  surface  of  the  shaft 
of  the  bone,   which   may   be   completely  separated   from   the  soft 
parts  surrounding  it.     At  other  times  an  incision  down  to  the  bone 
not  liberate  pus,  and  it  then  becomes  necessary  to  open  the 
:  of  the  bone  before  the  seat  of  the  suppuration  can  be  dis- 
covered.    With  the  discharge  of  pus  the  severity  of  the  constitu- 
tional disturbance  abates.    As  the  suppuration  gradually  diminishes 
in  quantity  the  fever  disappears,  leaving  the  patient  greatly  emaciated 
and  with  one  or  more  sinuses  leading  to  the  diseased  or  dead  bone. 
Aj  has  already  been  seen,  more  than  one  bone  may  be  affected 
at  the  same  time,  and  this  appears  to  be  due  not  necessarily  to 
metastasis,  but  to  the  simultaneous  affection  of  one  or  more  local- 
ities; at  all  events,  these  cases  of  multiple  osteomyelitis  must  not 
be  classified    with    those    which    succumb    to    genuine    embolic 
pyaemia.     The  clinical  picture  in  the  two  types  is  a  very  different 
one.    The  various  points  of  inflammation  develop  synchronously 
o:  nearly  so,  and  the  virus  does  not  appear  to  follow  the  laws  of 
ination  that  hold  in  pysemia.     Many  of  these  foci  of  inflam- 
I  may  not  come  to  suppuration.     A  tender  lump  may  form 
at  the  end  of  a  bone,  and  may  subsequently  disappear  by  resolu- 
\  I  some  of  these  points  there  appears  to  be  a  new  formation 
of  bony  tissue  instead  of  suppuration,  and  cases  have  been  reported 
in  which  an  increased  length  of  the  bone  has  resulted  from  inflam- 
matory hyperemia. 

In  not  a  few  cases — particularly  in  infants  and  in  young  chil- 
ton—amfe   suppurativa  arthritis   may   occur  as   a   result   of  the 
extension  of  the  disease  through  the  tender  tissue  of  the  epiphys- 
eal cartilage.     This  form  of  osteomyelitis  is  frequently  secondary 
tosonie  of  the  exanthemata  or  to  diphtheria  or  to  pneumonia,  and 
maybe  observed  in  many  of  the  children  frequenting  the  out-pa- 
tient department  of  a  large  hospital.     The  amount  of  bone-destruc- 
\inn  may  in  such  cases  be  small,  and  the  bone  and  joint  may  be 
restored  to  the  normal  state.     This  is  the  class  of  cases  referred 
Ivoplik  and  Van  Arsdale  as  being  caused  by  the  streptococ- 
cus infection.     These  authors  recognize  two  forms  of  streptococcus 
pyelitis.     In  the  mild  form  the  disease  is  non-articular,  the 
constitutional  disturbance  is  slight,  and  it  corresponds  to  Volk- 
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matin's  catarrhal  inflammation  of  the  joint.     The  local  iuflamma- 
tion  is  an  acute  one,  and  the  joint  suppurates,  but  the  disease  yields 
readily  to  surgical   interference,  and  the  function  of  the  joint  is 
gradually  re-established.    The  grave  type  of  the  disease  is  insidi 
in  its  onset,  the  first  tiling  noticed  by  the  mother  being  the  coi 
tutional  disturbance.      **  The  child,  if  brought  to  the  physician's 
attention,  at  once  awakens  solicitude.     It  lies  quietly,  pale,  \ 
sunken  eyes  surrounded  by  dark  rims ;  its  tongue  is  coated,  fulig. 
inous ;  its  skin  is  dry,  its  temperature  not  being  very  high,  how- 
ever."    Occasionally  there  are  symptoms  of  pain,   indicate!" 
sharp  little  cries,  and  when  certain  parts  are  touched  the  suffering 
of  the  child  is  very  great.     In  later  stages  the  swelling  of  U»e 
joints  is  more  pronounced.      Several  joints  are   usually  affected, 
and  aspiration  reveals  pus.     Many  of  these  cases  belong  to  the 
class  which  has  incorrectly  been  classified  with  pyaemia.     Closer 
examination  shows  that  the  suppuration  has  emanated  from 
shafts  of  the  bones,  and  that  this  portion  of  the  bone  may  at  times 
become  extensively  involved  in  the  disease. 

The  diagnosis  of  acute  osteomyelitis  may,  under  certain  cir< 
stances,  be  attended  with  unusual  difficulties.  Most  frequently  the 
disease  is  mistaken  for  acute  articular  rheumatism.  If  a  child  is 
attacked  in  one  or  more  joints  simultaneously  with  symptoms  of 
acute  inflammation,  and,  later,  symptoms  of  cardiac  complication 
are  developed,  it  is  not  surprising  that  the  treatment  selected 
should  frequently  be  the  administration  of  salicylic  acid.  Occa- 
sionally a  patient  is  brought  into  the  hospital  in  a  more  or  !e» 
comatose  condition,  and  it  is  only  with  great  difficulty  that  there 
can  be  obtained  from  his  friends  anything  approaching  a  history 
of  the  case.  If  under  these  circumstances  there  is  as  yet  little 
local  swelling  around  the  focus  of  inflammation,  it  is  not  improb- 
able that  the  diagnosis  of  typhoid  fever  might  be  made. 

The  disease  does  not  always  confine  itself  to  the  long  bom 
not  infrequently  it  is  found  that  the  carpus  and  tarsus,  and  some* 
times  the  flat  bones,  like  those  of  the  cranium,  are  affected.     S 
cases  might  be  mistaken  for  tuberculosis. 

Tuberculous  inflammations,   however,  are  of  a  chronic  type, 
while  pyogenic  inflammations  are  always  acute.     In  doubtful  i 
the  local  conditions  must  carefully  be  studied,  particularly  with 
reference  to  their  history.     It  will  then  be  found  that  the  pa 
first  noticed  near  the  joint,  and  that  pressure  will  bring  out  the 
fact  that  an  acutely  sensitive  spot  exists  near  the  epiphyseal  1 
It  is  undoubtedly  the  fact  at  the  present  time  that  the  true  nature 
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s  not  generally  understood.  Attention  has  not  yet 
n  toward  this  subject,  particularly  to  the  importance  of 
ItagSOfds,  which  may  result  in  saving  from  destruction 
he  bony  tissue,  but  also  a  joint.  The  danger  both  to 
•  the  welfare  of  a  limb  is  so  great  that  it  is  to  be  hoped 

who  see  these  cases  in  the  early  stage  will  realize  the 
;  of  a  correct  diagnosis  and  the  necessity  for  prompt  treat- 
ch  harm  has  been  done  by  a  former  generation  of  surgeons, 
t  that  these  cases  were  the  result  of  periostitis — a  diagnosis 
ritably  leads  to  incorrect  views  as  to  the  proper  treatment, 
►st  frequent  sequel  of  this  disease  is  necrosis,  which  may 
zed  by  the  presence  of  a  fistulous  opening  leading  to  the 
A  probe  introduced  will  readily  detect  the  hard, 
ony  substance  lying  at  the  bot- 
■  sinus.  Occasionally  the  sinus 
filled  with  flabby  granulations, 
robable  that  portious  of  the  dead 
been  expelled  by  the  pressure  of 
iation  tissue  that  has  developed, 
e  sequestra,  if  small,   have  been 

The  amount  of  bone  disposed 
process  of  absorption  is  in  most 
Singly  small,  and  large  sequestra 
in  for  years  unaltered  (Fig,  42). 
leous  fracture  is  exceedingly  rare. 
r  remembers  having  seen  but  two 
Separation  of  the  epiphysis  oc- 
ding  to  Ullmann,  not  as  the  result 
itegration  of  the  epiphyseal  carti- 
u  consequence  of  a  suppuration 
ie  lower  portion  of  the  shaft,  and 
to  occur  quite  independently  of 

e  cases  the  inflammatory  symp- 
de  without  the  discharge  of  pus, 
atient  appears  to  have  recovered 

attack.  Pain,  however,  recurs 
:  to  time,  and  the  patient  may 
years  from  attacks  of  neuralgic 
ng  chiefly  at  night.     There  may 

any  enlargement  of  the  bone  to  indicate  the  seat  of  the 
process.     Finally,  an  operation  discloses  an  abscess 


Fig,  42. — Necrosis  of  Femur, 
the  result  of  Acute  Osteo- 
myelitis. 
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situated  usually  near  the  epiphyseal  end  of  the  bone.  The  ca 
formed  in  the  bone  has  usually  a  smooth  surface  and  contains  true 
pus.  The  surrounding  bony  tissue  is  much  denser  than  in  the 
normal  condition,  and  frequently  presents  the  condition  known  as 
i  hut  nation  (PL  I.).  These  abscesses  are  usually  small,  and  they 
contain  a  drachm  or  two  of  pus,  but  occasionally  they  may  attain 
great  size.  Stanley  describes  such  a  bone-abscess,  the  opening 
into  which  was  closed  by  a  cork  that  the  patient  was  in  the  habit 
of  wearing  to  protect  himself  from  the  discharge  of  pus. 

Dislocation  may  occur  as  the  result  of  several  conditions.  The 
joint  may  have  become  disorganized  by  the  extension  of  the  inflam- 
mation, the  capsule  and  ligaments  being  then  relaxed  or  partially 
destroyed.  Roser  has  explained  some  forms  of  dislocation  by  an 
unusual  growth  of  the  ligaments  due  to  hyperemia  near  the 
necrosed  bone.  In  some  cases  the  growth  of  the  bone  is  arrested 
by  the  destruction  of  the  epiphyseal  cartilage.  If  there  is  an 
adjoining  bone  which  continues  to  grow,  a  displacement  of  the 
head  of  the  adjacent  bone  may  result.  Nelaton  mentions  such  a 
displacement  of  the  head  of  the  fibula  in  consequence  of  an  arrest  | 
of  development  of  the  tibia. 

In  rare  instances  the  granulations  which  protrude  from  the  fis- 
tulous openings  may  begin  to  assume  an  active  growth  and  the  skin 
around  becomes  more  or  less  infiltrated.  The  discharge  is  then 
more  purulent  in  character,  and  it  has  an  offensive  odor.  A  new 
growth,  which  proves  to  be  carcinoma,  is  taking  place  in  the  gran- 
ulation tissue.  Volkmann  has  collected  thirty-two  examples  of 
this  complication.  Prompt  amputation  of  the  affected  limb  is  of 
course  the  only  remedy,  as  an  early  involvement  of  the  inguinal 
glands  may  take  place. 

The  prognosis  of  the  disease  varies,  as  may  easily  be  judged, 
from  the  severity  and  the  extent  of  the  inflammation.  The  grave 
types  of  osteomyelitis  that  terminate  fatally  in  a  few  days  are  hap- 
pily rare.  This  form  is  perhaps  most  frequently  seen  in  young 
children  or  in  infants,  and  it  is  usually  due  to  a  streptococcus 
inflammation. 

In  a  large  majority  of  the  cases  the  severe  constitutional  disturb- 
ance may  subside  in  due  time,  and  the  chronic  stage  of  the  disease 
may  be  prolonged  indefinitely.  Nature  does  not  appear  equal  to 
the  task  of  removing  the  dead  bone  from  its  newly-formed  cavit 
The  spontaneous  removal  of  all  sequestra  is  the  exception.  Evi 
an  empty  cavity  may  be  unable  to  heal,  owing  to  the  inability 
its  bony  walls  to  shrink,  and  a  "bone-fistula"   may  remain  as 
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permanent  condition  (PI.  L).  In  some  eases  when  the  necrosis 
has  been  extensive,  and  when  the  suppuration  has  been  pro- 
longed and  excessive,  the  patient  may  become  greatly  emaciated, 
and  eventually  amyloid  degeneration  of  the  internal  organs  may 
supervene,  which  condition  is  soon  followed  by  a  fatal  termination 
of  the  case. 

Since  the  pathology  of  osteomyelitis  has  been  recognized  and 
the  point  of  origin  of  the  inflammatory  process  has  been  definitely 
determined,  the  question  of  treatment  has  been  much  simplified. 
>  is  a  disease  which  is  caused  by  pyogenic  cocci,  and  which  ter- 
minates with  hardly  a  single  exception  in  suppuration.     It  is  true 
that  a  certain  number  of  cases  are  reported  where  the  symptoms 
have  subsided  and  the  inflammation  has  terminated  in  resolution 
instead  of  in  suppuration.     Such  cases  are  probably  not  true  cases 
of"  acute  osteomyelitis. 

Counter-irritation,  which  was  a  mode  of  treatment  much  in 
vogue  in  former  times,  may  be  discarded.  It  is  known  that  the 
actual  cautery  may  in  experimental  cases  of  inoculation  with  pus- 
cocci  prevent  suppuration  by  stimulating  the  absorption  of  these 
organisms  before  they  have  had  time  to  multiply,  but  such  an  agent 
would  hardly  act  upon  the  deeply-seated  foci,  the  presence  of  which 
in  bone  is  not  detected  until  the  disease  has  made  too  much  prog- 
to  be  checked.  In  the  early  stages,  before  a  diagnosis  has 
tn  made,  much  may  be  done  to  mitigate  the  sufferings  of  the 
itient.  The  limb  may  be  immobilized  by  a  splint  and  pain  be 
Sieved  by  the  application  of  ice-bags  or  of  poultices.  The  treat- 
jent  of  this  disease  from  the  earliest  moment  that  a  diagnosis  can 
made  is  eminently  a  surgical  one.  As  in  cases  of  suppuration 
the  abdominal  cavity,  pus  must  be  removed  before  it  has  an 
>rtunity  to  effect  serious  or  fatal  injury.  Although  in  appendi< 
citis  some  surgeons  still  hesitate  to  operate,  as  many  cases  recover 
without  suppuration,  in  osteomyelitis  pus  is  always  formed,  and 
lust  be  removed — the  sooner  the  better. 

The  problem  differs  somewhat  according  to  the  stage  the  disease 

has  reached  when  the  patient  first  comes  under  observation.     In 

the  earliest  period  the  pus  is  still  confined  to  the  interior  of  the 

bone,  and  a  well -formed  abscess  may  not  yet  have  developed.     It 

ttcextain  whether  the  virus  may  not  infiltrate  the  whole  medulla 

and  destroy  the  entire  shaft  or  endanger  the  life  of  the  patient.     In 

these  cases  an  opening  should  not  only  be  made  to  allow  the  pus  to 

escape  externally,  but  an  atteinpt  should  also  be  made  to  remove 

the  infected  area  itself,  and  thus  to  arrest  the  inflammation,     Some 
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writers  advise  an  attempt  to  remove  the  pus  by  boring  wit 
numerous  small  holes  through  the  soft  parts  and  the  bone, 
is  Ullinann's  method,  who  makes  the  punctures  from  2 
centimetres  apart.  Kocher  not  only  punctures  the  bone,  but 
injects  carbolic  acid  with  a  view  to  disinfecting  the  foci  of  sup] 
tion.  Such  procedures  seem  hardly  suited  to  ordinary  case 
bone-suppuration ,  but  might  be  used  on  some  of  the  smaller  1>< 
such  as  the  alveolar  processes  of  the  jaw,  where  the  amount  of 
is  exceedingly  small.  In  typical  cases  of  this  disease  a  pr< 
incision  should  be  made  through  the  soft  parts  to  the  bone,  w 
must  then  be  opened  with  the  gouge  or  with  the  trephine, 
quently  no  signs  of  inflammation  will  be  detected  until  the  me 
has  been  reached;  then  a  few  drops  of  pus,  collected  in  small 
may  be  revealed,  or  the  discharge  may  merely  be  of  a  sero-r 
lent  character,  or  the  medullary  tissue  may  be  gangrenous, 
infected  portions  of  the  medulla  must  carefully  be  scraped  a 
and  if  this  operation  is  thoroughly  performed  the  wound  ma 
left  in  a  completely  aseptic  condition.  The  wound  should  nc 
closed,  but,  after  having  been  thoroughly  washed  out  with  j 
disinfectant,  should  be  stuffed  with  iodoform  gauze.  The  resu 
this  treatment  is  subsidence  of  the  febrile  symptoms  and  \ 
relief  of  the  pain.  If,  however,  the  high  temperature  recurs 
the  bone  again  becomes  painful,  it  may  be  necessary  to  enlargi 
bony  opening  and  to  scrape  away  any  portion  of  the  medulla  f« 
to  have  become  infected.  A  stout,  sharp  curette  is  the  most  n 
instrument  for  this  purpose:  it  should  be  made  in  various  size 
as  to  reach  all  corners  of  an  infected  area.  The  Esniarch  ban 
should  always  be  applied  before  operating  upon  the  bones  ol 
extremity,  the  surgeon  being  thus  enabled  to  carry  out  with  \ 
precision  all  the  details  of  the  operation  and  to  see  with  great 
all  the  pathological  changes. 

When  the  pus  has  reached  the  surface  the  periosteui 
sected  from  the  bone  for  a  certain  distance  and  the  soft  part* 
invaded.  This  condition  is  readily  recognized  by  the  swelling 
the  redness  of  the  surrounding  integuments.  In  such  cases 
external  abscess  must  be  laid  open  and  disinfected  by  curel 
and  by  washing  its  walls;  the  periosteum  must  be  opened  frt 
and  a  search  must  also  be  made  for  the  point  of  origin  of 
inflammation  in  the  bone.  This  is  a  precaution  which  snrg 
often  neglect,  thinking  that  the  case  is  one  of  "suppun 
periostitis,"  and  that  it  is  unnecessary  to  search  farther, 
teachings  of  pathology  must  be  remembered  here,  and  searcl 
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pus  must  be  made  near  the  epiphyseal  line.     No  operation  which 
does  not  include  an  opening  into  the  bone  should  be  regarded  as  a 
completed  one.     French  surgeons  have  long  recognized  the  import- 
ance of  this  detail.      Lannelongue  advises  that  the  trephine  should 
be  placed  near  the  epiphysis,  and  that  a  second  opening  should  be 
:  into  the  shaft  of  the  bone  to  open  the  medullary'  canal,  which 
in  young  subjects  does  not  always  reach  to  the  epiphyseal  line.     If 
the  periosteum  has  peeled  off  for  a  great  distance,  it  may  be  neces- 
sary to  make  a  third  opening.     Trephining,  he  thinks,  should  also 
be  employed  in  osteomyelitis  of  the  flat  bones,  such  as  the  cranium. 
Multiple  openings  are  only  advisable  in  very  extensive  disease  of 
the  medulla.     Under  ordinary  circumstances  an  opening  near  the 
il   line  should  be  made,  and  be  sufficiently  enlarged  with 
chisel  or  the  gouge  to  expose  the  diseased  area. 
Formerly  it  was  advised  not  to  open  these  abscesses  until  the 
•  moment,  when  the  surrounding  inflammation  had  had  time  to 
tect  the  tissues  from  the  decomposing  medulla.     It  was  found 
that  in  many  cases  of  early  opening  the  patient  succumbed  to 
septic  infection,  but  this  rule  does  not  hold   good  at  the  present 
tune.    The  custom  serves,  however,  to  emphasize  the  importance 
of  thoroughly  opening  and  disinfecting  these  treacherous  abscesses, 
rions  were  the  results  following  these  operations  before  the 
antiseptic  surgery  that  amputation  was  freely  advised  as  the 
his  of  saving  life.    The  fine  specimens  of  bones  containing 
ra  in  many  of  our  museums  are  silent  testimony  to  the  pop- 
Utirity  of  the  discarded  treatment.      Chassaignac  laid  down  careful 
rules  for  amputation  in  this  class  of  cases,  and  Roux  held  that 
disarticulation  was  the  only  proper  remedy,  as  amputation  through 
the  continuity  of  a  bone  did  not  avail  to  prevent  the  spread  of  the 
inflammation.     Amputation  is  now  resorted  to  only  in  exceptional 
cases,  when  all  other  means  fail  to  arrest  the  suppuration  or  the 
case  approaches  a  fatal   issue.     When  such  abscesses  have  been 
opened  and  disinfected  drainage-tubes  should  be  introduced  down 
uedulla,  and  the  abscess- walls  should  be  packed  with  iodo- 
form gauze.     The  whole  limb  is  then  swathed  in  a  voluminous 
antiseptic  dressing  and  is  placed  upon  a  splint.      If  all  goes  well, 
dressing  need  not  be  changed  for  several  days.     But  if  consti- 
tutional disturbance  continues,  the  dressing  should  be  removed  and 
TO  wound  be  thoroughly  washed  out  with  a  disinfectant.    A  moist 
eptic  dressing  may  in  such  cases  be  substituted   for  the  dry 
dressing.     A  large  cotton  poultice  soaked  in  a  solution  of  sulpho- 
0aPhthol  (i  :  250)  may  be  applied  and  changed  once  or  twice  a  day. 
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In  those  cases  where  the  joints  are  involved — which  compl 
tions  occur  chiefly  in  infants  and  in  young  children — the  follow-in 
rules,  laid  down  by  Van  Arsdale,  should  be  observed:  As  soon  ; 
the  joint  appears  swollen  and  becomes  painful,  it  should  be  asp 
rated  under  the  strictest  antiseptic  precautions,  and  if  pus  is  foun 
the  joint  should  be  laid  open,  drained,  and  dressed  antisepticalh 
Usually  one  incision  will  be  sufficient  for  this  purpose,  but  in  sou 
instances  counter-openings  with  packing  of  the  joint,  or  even  resei 
tion  of  the  joint,  may  be  necessary.  Resection  of  the  hip  is  moi 
frequently  performed  than  that  of  the  other  joints.  Volkman 
found  the  prognosis  more  favorable  in  resection  of  the  hip  f< 
this  disease  than  for  tuberculosis.  Special  attention  should  ah 
be  given  to  the  shaft  of  the  bone  in  these  cases,  and  incisiot 
should  be  made  for  the  purpose  of  exploring  this  portion  of  tl 
bone.  If  it  is  necessary  to  remove  portions  of  the  shaft,  Va 
Arsdale  dwells  upon  the  importance  of  working  upon  the  tw 
regions  separately,  with  the  view  of  sparing,  as  much  as  possibl« 
the  epiphyseal  line,  and  thus  giving  an  opportunity  for  the  futu 
development  of  the  bone. 

Many  cases  of  osteomyelitis  resist  all  efforts  to  arrest  the  inflan 
tnation.     Suppuration  continues,  and  the  shaft  of  the  bone  ma 
become  more  or  less  disorganized.     In  other  cases  the  pus  m 
burrow  so   freely  under  the   periosteum   as   to  denude  the  ent 
shaft     Under  these  circumstances  the  question  has  been  raised 
to  the  justifiability  of  a  resection   of  a  considerable  portion  of 
shaft  of  the  bone.     Oilier  recommends  this  operation  only  as  a 
resort.      It  should  be  performed  as  late  as  possible,  as  the  pe 
teutn  may  then  have  reached  the  reproductive  stage.     The  o 
tion  to  this  operation  is  the  uncertainty  of  the  reproduction 
bone;  a  large  number  of  operations  are  reported  where  only  a 
tial  renewal  of  the  diaphysis  has  taken  place.     Merchant  re. 
a  case  of  resection  of  the  shaft  of  the  tibia  in  a  child  sixteen 
of  age.     This  patient,  when  seen  five  years  later,  walked  o 
side  of  the  foot.      A  case  of  resection  of  two- thirds  of  the  i 
portion  of  the  radius  was  followed  by  forced  extension  of  th 
backward  and  outward.    Marchant  reports  successful  cases  o 
tion  of  the  shaft  of  the  humerus  and  of  the  femur,  and   Mi 
cases  are  also  reported  by  Holmes,  Cheever,  and  many  ot 
geons.     Petersen  reports  the  case  of  a  sailor,  seventeen  y 
age,  who  had  been  suffering  for  eight  days  from  osteomy 
the  clavicle.     The  entire  diaphysis  was  dissected  by  pus 
removed.     The  bone  was  renewed  in  four  weeks,  and  th 
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was  healed  six  weeks  after  the  operation.     In  the  bones  of  the 
extremities    such    a    condition    would    be,    according    to   Oilier, 
lv  unfavorable  for  the  repair  of  bone,  and  if  the  perios- 
teum is  dissected  off  in  this  way  by  pus,  its  osteogenetic  elements 
will  be  destroyed.     The  cases  favorable  for  resection  are  those  in 
which  the  periosteum  is  thick  and  covered  with  osseous  plates,  and 
this  condition  is  found  in  the  later  stages  of  the  disease.     Certain 
portions  of  the  skeleton  are  more  readily  reproduced  than  others; 
as,  for  instance,  the  lower  jaw  and  the  lower  portions  of  the  tibia. 
The  prognosis  of  resection  is  most  favorable  in  children;  after  the 
twentieth  year  resections  of  the  shaft  are  problematical.      In  many 
cases  in  which  the  operation  has  been  attempted  the  amount  of 
shortening  of  the  limb  has  been  excessive.     In  resections  of  the 
shaft  of  the  bone  care  should  be  taken  not  to  interfere  with  the 
epiphyseal  cartilage.     The  incision  through  the  periosteum  should 
carefully  be  made,  and  this  membrane  should  be  bruised  as  little 
»s  possible  during  its  separation  from  the  bone.     The  edges  of  the 
periosteum  should  subsequently  be  sutured  with  catgut,  and  a  small 
11  of  gauze  should  be  left  in  one  or  in  both  ends  of  the  incision. 
The  limb  may  then  be  immobilized  on  a  splint  during  the  subse- 
quent treatment.     By  far  the  greater  number  of  cases  of  this  dis- 
ease come  under  the  notice  of  the  surgeon  during  the   stage  of 
necrosis;  that  is,  after  all  acute  symptoms  subside  and  a  fistulous 
opening  remains  to  mark  the  site  of  the  abscess. 
It  is  generally  agreed  that  sufficient  time  must  be  allowed  to 
•>se  for  the  sequestrum  to  separate  from  the  live  bone  before  the 
inpt  is  made  to  remove  it.     It  is  quite  difficult  to  determine 
where  the  line  of  demarcation  is  to  form,  and  it  often  happens  that 
3  piece  of  bare  bone  of  considerable  size  is  gradually  covered  over 
by  granulations  and  the  wound  heals  without  any  loss  of  bone.    The 
Gone  receives  its  nourishment  from  the  vascular  medulla,  as  well  as 
from  the  periosteum,  and  the  separation  of  the  latter  does  not  there- 
fore necessarily  result  in  death  of  the  bone.     An  early  interference 
therefore  not  ouly  involve  the  removal  of  a  needlessly  large 
quantity  of  bone,   but  may  also  disturb  the  vitality  of  the  sur- 
rounding bony  tissue  and  cause  the  separation  of  new  portions  of 
the  bone. 

The  time  required  for  the  separation  of  a  sequestrum  varies 
greatly.  At  the  epiphyseal  line  the  bone  may  separate  in  a  few 
Weeks,  but  in  the  shaft  of  the  long  bones  it  may  be  several  months 
before  the  sequestrum  is  fairly  loosened,  A  fragment  of  cortical 
bone  usually  separates  much  more  rapidly  than  some  of  the  deep- 
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seated,  spongy  sequestra.  There  is  less  danger  of  spontaneous 
fracture  if  the  sequestrum  is  allowed  to  remain  until  the  involucruin 
has  developed  and  sufficient  new  bone  has  thus  been  formed  to 
replace  the  old. 

Usually,  when  a  typical  case  of  necrosis  presents  itself  for  treat- 
ment, the  sequestrum  is  found  deeply  seated  within  a  cavity  formed 
by  new  bone,  which  has  grown  exuberantly  and  lines  for  some  dis- 
tance the  walls  of  the  sinus  leading  to  the  dead  bone.  When  a 
considerable  quantity  of  periosteum  has  been  destroyed  by  the  sup- 
purative process,  the  dead  bone  will  be  found  uncovered  by  new 
bone,  and  may,  consequently,  much  more  easily  be  reached.  The 
cicatricial  tissue  about  it,  however,  is  dense  and  unyielding,  and  in 
an)'  case,  therefore,  free  incisions  are  necessary  to  lay  bare  the  for- 
eign substance  which  is  to  be  removed  One  should  always  be  pre- 
pared, therefore,  for  a  long  and  tedious  operation  and  for  extensive 
dissection  in  these  cases;  for  it  is  not  only  necessary  to  remove  the 
dead  bone,  but  the  cavity  must  be  so  treated  as  to  heal  permanently. 
The  rigid  walls  of  an  old  involucrum  cannot  shrink  together,  and 
they  are  covered  with  feeble  granulations  which  may  contain  a 
miscellaneous  assortment  of  bacteria.  These  are  the  conditions 
which  favor  the  persistence  of  a  t4  bone-fistula."  The  old  method 
of  treatment,  which  consisted  principally  in  fishing  for  fragments 
of  dead  bone  with  the  forceps,  cannot  too  strongly  be  condemned. 
Modern  surgery  demands  a  completed  operation;  that  is,  one  which 
ensures  rapid  and  permanent  healing  of  the  wound, 

The  limb  having  been  thoroughly  cleaned  and  the  sinus  h.r 
been  syringed  out  with  some  mild  antiseptic  for  several  days  before 
the  operation,  an  antiseptic  dressing  should  be  applied,  so  as  to 
diminish  as  much  as  possible  the  septic  condition  of  the  parts  sur- 
ging the  wound.  The  EsmaTch  bandage  having  been  so 
adjusted  as  to  render  the  limb  bloodless,  the  sinus  should  be  laid 
open  to  its  point  of  entrance  into  the  bone.  In  some  cases  it  will 
be  found  impossible  to  do  this,  owing  to  the  tortuous  nature  of  the 
canal  and  to  the  presence  of  a  large  vessel  or  a  joint-cavity  in  the 
immediate  neighborhood.  In  necrosis  of  the  lower  portion  of  the 
diaphysis  of  the  femur  the  sinus  often  opens  through  an  intermus- 
cular space  near  the  route  of  the  femoral  vessels,  and  the  surgeon 
must  proceed  cautiously  to  avoid  wounding  these  vessels.  It  maj 
be  more  convenient  under  these  circumstances  to  approach 
bone-cavity  from  the  opposite  side  of  the  thigh  if  it  be  m 
to  chisel  away  a  large  surface  of  new  bone.  A  clean  and  straight 
incision  should  be  made  through  the  soft  parts  and  the  periosteum. 


1  the  surface  of  the  bone  should  be  exposed  freely.  The  entire 
roof  of  the  suppurating  cavity  should  then  be  removed  with  the 
trephine  or  the  chisel  or  with  both.  This  operation  is  necessary 
not  only  to  ensure  complete  removal  of  the  sequestrum,  but  also  to 
expose  the  lining  pyogenic  membrane,  so  that  it  may  be  scraped 
away  thoroughly  and  nothing  but  healthy  tissue  be  left  behind. 
The  same  scrupulous  care  should  be  given  to  this  part  of  the 
operation  that  the  dentist  employs  in  treating  a  carious  cavity 
in  a  tooth.  The  wound,  as  now  shaped,  is  no  longer  a  fistulous 
tract,  but  a  trough-shaped  affair  with  a  large  opening.  It  may 
now  be  treated  so  as  to  heal  by  granulation  or  to  unite  by  first 
intention.  In  the  former  case  the  wound,  after  being  thoroughly 
irrigated  with  a  weak  solution  of  corrosive  sublimate  to  wash 
out  all  particles  of  bone  or  of  tissue,  is  stuffed  with  iodoform 
gauze,  which  is  used  in  sufficient  quantity  to  keep  the  upper  por- 
tions of  the  lips  of  the  wound  well  separated  from  one  another,  so 
is  to  allow  the  wound  to  heal  slowly  from  the  bottom  to  the  sur- 
face without  resuming  a  fistulous  shape.  This  method  consumes  a 
considerable  period  of  time,  and  may,  owing  to  neglect  on  the  part 
of  the  patient,  terminate  in  a  fistula  which  may  require  months  to 
hcil. 

rmpt5  have  been  made  to  hasten  the  healing  process  by  plas- 
tic operations.  Flaps  of  skin  have  been  turned  into  the  long  gut- 
ter, so  that  the  exposed  surfaces  of  bone  may  be  covered  in  by  the 
yielding  soft  parts.  Fragments  of  bone  still  adheriug  to  the  peri- 
osteum have  been  loosened  from  the  sides  of  the  trough,  and  have 
been  pushed  in  so  as  to  obliterate  the  cavity. 

Schede  proposed  to  fill  up  this  deep  cavity  in  the  bone  with 
blood-clot,  which  subsequently  becomes  il organized,"  after  the 
manner  originally  described  by  Lister.  The  wound  must  be  made 
absolutely  aseptic  by  chiselling  away  all  diseased  or  infected  bone 
and  cutting  away  edges  of  skin  and  tissue  which  have  been  satu- 
rated for  a  long  time  with  the  discharges.  Any  suspicious  corners 
must  be  swabbed  out  with  strong  solutions  of  carbolic  acid  or  of 
permanganate  of  potash,  and  the  wound  must  be  drenched  and 
scrubbed  freely  with  milder  antiseptic  washes.  The  edges  of  the 
periosteum  and  integuments  are  now  approximated  by  sutures, 
which  should  be  made  of  catgut  and  be  applied  as  buried  sutures. 
H  strip  of  protective  or  rubber  cloth  is  placed  over  the  wound, 
and  before  the  tourniquet  is  removed  an  antiseptic  dressing  is  firmly 
bound  on,  to  prevent  the  escape  of  blood  which  oozes  from  the 
■walls  of  the  wound  and  fills  the  cavity.      This  dressing  should 
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not  be  disturbed  for  two  weeks,  at  the  end  of  which  time,  i 
successful  cases,  the  wound  will  be  found  to  have  healed  by  fin 
intention. 

It  is  not  always  easy  to  retain  sufficient  blood  in  the  cavity  tbt 
prepared  to  fill  it  completely,  in  which  case  the  delicate  clot  grac 
ually  melts  away  as  granulation  tissue,  forms,  and  the  wound  has  t 
be  reopened  and  allowed  to  heal  from  the  bottom.  A  partial  su< 
cess  will,  however,  shorten  considerably  the  healing  process. 

Senn  conceived  the  idea  of  utilizing  decalcified  botie-chips  as 
u  filling"  for  these  bone-cavities.  These  bone-chips  are  present 
in  an  alcoholic  solution  of  corrosive  sublimate  or  in  a  solution  c 
iodoform  in  ether.  The  most  favorable  cases  for  this  method  ai 
bone-defects  due  to  the  removal  of  tumors,  or  bone-lesions  othi 
than  those  produced  by  pus-cocci.  The  next  most  favorable  cas« 
are  primary  circumscribed  inflammations  in  the  epiphyseal  ends  c 
long  bones.  This  method  is  also  applicable  after  operation  f< 
necrosis.  After  the  cavity  has  been  disinfected  and  dusted  ox< 
lightly  with  iodoform  the  chips,  previously  washed  in  an  autisept 

solution  are  dried  upon  a  gam 
compress,  and  are  then  put  in' 
the  cavitv  until  it  is  packed  wil 
them  as  far  as  the  periosteun 
The  periosteum  is  now  sutun 
with  absorbable  buried  antisej 
tic  sutures.  Buried  sutures  tm 
also  be  used  for  the-  soft  par 
above.  The  skin  is  finally  s 
tured  with  silk.  An  absorbafc 
antiseptic  drain  of  catgut  is  us- 
at  the  extremity  of  the  wotii 
to  allow  the  escape  of  the  supc 
abundant  blood,  which  flows  j 
as  soon  as  the  tourniquet  is  re 
moved.  The  remaining  bloo 
coagulates  and  forms  a  matri: 
in    which    lie    the    bone-chip 

(Fig.  43)- 

A  voluminous  antisej 
dressing  should  be  applied  t 
the  limb,  which  should  be  cor 
fined  in  a  splint,  and  the  dressing  be  allowed  to  remain  undi: 
turbed  for  two  weeks.     Rest  should  be  enforced  until  the  pre 
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of  Tepair  in  the  interior  of  the  bone  has  been  completed,  embracing 
a  period  varying  from  four  weeks  to  three  months. 

Many  successful  cases  testify  to  the  value  of  both  the  above  meth- 
ods. They  cannot,  however,  be  carried  out  in  difficult  cases  except 
by  the  trained  surgeon  with  every  possible  convenience  at  his  com- 
mand. Many  boue-cavities  communicate  with  the  exterior  surface 
by  numerous  tortuous  channels,  whose  walls  contain  septic  material 
which  is  sure  to  contaminate  the  blood-clot.  These  methods  are 
better  adapted  to  cavities  not  made  by  suppuration  or  to  pus-cav- 
ities of  limited  size  and  readily  accessible  to  the  gouge  or  to  the 
curette-  In  some  of  the  more  complicated  cases  of  necrosis  a  pre- 
liminary operation  might  so  far  restore  the  neighborhood  to  a 
cleanly  condition  that  the  blood-clot  method  might  later  be 
adopted  with  success.  When,  however,  the  cavity  has  been  opened 
and  cleansed  in  the  thorough  manner  already  described,  there  is 
even- reason  to  hope  that  a  permanent  healing  of  the  wound  may 
be  completed  by  the  process  of  granulation  in  from  three  to  four 
months'  time,  and  this  is  the  method  the  writer  would  recommend 
in  the  majority  of  cases.  The  attending  physician  should  never 
undertake  the  care  of  such  a  case  if  he  contemplates  only  halfway 
measures.  I  f  not  prepared  to  go  through  with  the  labor  of  a  com- 
pleted operation,  it  will  be  better  for  his  reputation  to  have  nothing 
to  do  with  the  case. 


IX.  THE    PROCESS    OF    REPAIR; 


Formerly  the  changes  brought  about  in  the  tissues  by  means 
of  which  repair  was  effected  were  supposed  to  be  caused  by  inflam- 
mation. It  was  thought  that  a  smart  inflammatory  reaction  was 
necessary  to  glue  the  lips  of  a  wound  firmly  together.  Aseptic 
surgery  has  demonstrated  the  error  of  this  view,  and  it  is  uow 
known  that  the  two  processes  are  quite  independent  of  each  other. 

The  action  of  the  cells  in  repair  is  a  question  about  which  there 
has  been  a  great  deal  of  dispute.  Some  of  the  changes  which 
undergo  during  inflammation  have  already  been  considered.  Suf- 
fice it  to  say  here  that  Virchow  adopted  the  view  that  the  large 
number  of  new  cells  seen  during  the  reparative  process  were 
formed  by  a  proliferation  of  the  pre-existing  cells  of  the  part. 
Cohnheim  set  aside  this  view,  and  replaced  it  by  his  theory  of 
the  action  of  the  leucocytes,  which  were  supposed  to  supply  all 
the  material  for  the  new  tissue  that  was  formed.  This  theory  held 
sway  for  nearly  two  decades,  but  a  more  perfect  knowledge  of  the 
histology  and  the  physiological  action  of  cells  has  partially 
restored  to  the  fixed  cells  of  the  tissues  their  former  prominence 
in  the  process  of  repair.  The  old  theory  of  cell-proliferation 
assumed  that  all  cells  underwent  what  is  now  understood  as 
direct  cell-division;  that  is,  a  segmentation  of  the  nucleus  having 
taken  place,  there  was  a  division  of  the  protoplasm  by  means  of 
which  two  cells  were  formed. 

The  theory  of  vndirBCt  ceH-division%  or  karyokinesis^  has  now 
supplanted  that  of  direct  cell-division,  which  is  supposed  to  take 
place  only  in  those  cells  having  no  power  to  form  new  tissue,  such 
as  the  leucocytes,  the  r61e  of  which  in  repair  is  now  regarded  as 
quite  subordinate.  One  of  the  earliest  changes  that  is  seen  in  the 
cells  of  a  part  when  repair  is  going  on  is  an  increase  in  their  size. 
At  the  same  time  peculiar  changes  are  taking  place  in  their  nuclei. 
The  nucleus  consists,  according  to  Ziegler,  of  a  membrane  and 
content-;.  The  latter  is  composed  of  a  network  of  nucleoli,  gran- 
ules, and  threads  which  are  somewhat  opaque,  and  which  can  read* 
ily  be  stained  by  pigments.  This  network  lies  imbedded  in  a  soft 
material  which  is  incapable  of  receiving  color.  During  the  process 
sis 


ion  the  network  of  the  nucleus  undergoes  a  series  of  typical 

changes  of  form  which  give  origin  to  the  term  karyokiuesis  (xdjrjov, 

nucleii  \  movement)  (Fig.  26).     Flemming  uses  the  term 

urroc,  a  thread),  denoting  the  thread-like  appearance 

of  the  network.     That  portion   of  the  material   of  the  nucleus 

which  stains  readily  is  called  ''chromatin." 

The  nucleus,  in  fact,  is  a  highly  organized  substance  by  which 
the  cell  transmits  its  peculiarities  to  its  descendants.  The  proto- 
plasm of  the  cell  is  the  medium  of  communication  with  the  sur- 
rounding tissues,  and  it  regulates  the  nutrition. 

ti  the  cell  is  about  to  undergo  division  there  is  a  marked 
increase  in  the  amount  of  chromatin  of  the  nucleus ;  the  threads 
of  the  network  become  much  thicker,  and  they  seem  to  be  coiled 
loosely  together;  at  the  same  time  numerous  nodules  appear  in  the 
network  (Fig.  261).  The  nucleolus  now  disappears,  and  the  mem- 
brane of  the  nucleus,  losing  its  ability  to  take  the  staining  fluid,  is 
soon  lost  (Fig.  26*).  The  threads  become  gradually  thicker,  and 
arrange  themselves  in  a  series  of  loops  which  point  toward  the 
equator  of  the  nucleus,  and  form,  when  seen  from  the  poles,  a 
stellate  figure  known  as  the  mother-star  (Fig.  26s). 

The  next  change  in  the  grouping  of  the  threads  is  known  as 
mtakiit'sis,  and  consists  in  a  movement  by  which  these  loops  are 
godaally  turned  around  so  as  to  point  toward  the  poles  of  the 
nucleus.    As   the   loops   which   are   now  found   in    two  separate 
5  gradually  approach  the  poles,  there  are  formed  two  stellate 
figures  (one  near  each  pole),  which  are  known  as  daughter-stars 
Their  stellate  appearance  is  well  seen  when  viewed 
ban  the  poles.    These  daughter-stars  gradually  resume  the  thread- 
like coils   found   in  the  original  nucleus,   and   eventually  form   a 
k.     At  the  same  time  a  new  membrane  is  formed  around 
each  coil  (Fig.  26s),  and  two  nuclei  are  thus  developed  (Ziegler), 
During  nuclear  division  the  protoplasm  of  the  cell  undergoes  certain 
active  rotary  movements  :  as  the  result  of  these  movements  there  is 
the  formation  of  a  bright  zone  around  the  nucleus  and  of  radiating 
I  the  poles  of  the  cell.    Finally,  there  is  a  segmentation  of  the 
protoplasm,  of  the  cell,  which  segmentation  begins  about  the  time 
ighter-coils  are  formed.     Considerable  variations  may  take 
place  in  nuclear  division,  but  the  above  is  the  type  of  the  process. 
The  division  of  the  nucleus  is  usually  bipolar,  but  it  may  be 
multipolar.     In  this  way  many  nuclei  may  form.     If  the  segmen- 
T  the  protoplasm  is  delayed  or  if  it  does  not  occur,  the  large 
■■•nucleated  cells  known  as  giant-cells  are  developed. 


- 
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The  cells  that  multiply  and  take  part  in  the  formation  of  nei 
tissue  are  the  fixed  cells  of  the  connective  tissue  and  the  cell 
forming  the  walls  of  small  blood-vessels,  which  cells  also  take  a 
active  part  in  this  process.  Under  these  circumstances  the  endc 
thelial  cell  is  seen  much  enlarged,  projecting  into  the  lumen  of  th 
vessel  and  undergoing  mitosis.  Some  of  the  new  cells  come  froi 
a  distance,  and  belong,  therefore,  to  the  variety  of  wandering  celh 
The  leucocytes  wandering  into  the  part  are  frequently  present  i 
large  numbers,  particularly  when  there  is  much  inflammation,  bt 
play  no  active  part  in  the  formation  of  new  tissue. 

While  these  new  cells  are  collecting  the  old  tissue  has  perhap 
softened  and  broken  down.  The  intercellular  substance  become 
more  or  less  granular,  and  less  is  seen  of  it.  In  this  way  there  i 
tunned  a  new  temporary  tissue,  known  as  granulation  or  cmbry 
on ic  tissue.  The  cells  found  here  are  the  leucocytes,  single-nucU 
ated  or  polyuucleated,  and  the  cells  which  are  actively  form  in 
new  tissue  are  called  "formative  cells,"  "embryonal  cells/'  q 
"plasma  cells."  They  have  a  granular  protoplasm  and  a  bright, 
round,  and  large  nucleus,  which  stains  readily,  giving  the  cell  an 
appearance  strongly  suggestive  of  epithelium.  They  are  therefore 
usually  called  "epithelioid  cells."  Owing  to  their  power  to  fonn 
connective  tissue  they  are  also  called  "fibroblasts."  They  have 
various  forms:  some  are  spindle-shaped,  others  pear-shaped,  and 
many  may  have  several  prolongations. 

Ballance  and  Edwards  describe  the  plasma-cells  seen  in  small  glasi 
chambers  placed  beneath  the  skin  of  animals,  according  to  Ziegler*! 
method,  as  mostly  plate-like  cells  extended  into  so  thin  a  film  that  the* 
exact  limit  was  hard  to  determine.  They  were  distinguished  from  leucocyte 
by  their  larger  size  and  coarser  granules  and  by  the  constant  presence  of  I 
single  clear  nucleus  of  oval  figure.  In  specimens  from  chambers  that  hai 
rested  seventy-two  hours  these  cells  showed  vacuolation.  In  some  of  the* 
vacuoles  a  leucocyte  or  red  corpuscle  could  he  found.  The  leucocytes  nem 
these  cells  appeared  to  serve  as  a  pabulum  for  them.  Not  all  the  leucocyte 
were  disposed  of  in  this  way :  some  of  them  were  dissolved  in  the  tissue 
plasma  exuded  by  the  plasma-cells  (a  protolytie  ferment). 

Grawitz  believes  that  many  cells — his  so-called  "slumbering 
cells1' — develop  from  fibres:  nuclei  first  appear  within  fibres,  am 
the  cell-body  is  gradually  formed  around  them.  These  cells  ar 
capable  of  division  like  fixed  cells,  and  when  cicatrization  take 
place  they  pass  into  their  fibrous  condition  again  and  becoti 
slumbering  cells  once  more;  that  is,  they  now  no  longer  react 
staining  processes. 

When  connective  tissue  is  formed,  there  is  seen  between 
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slumbering  cells  a  more  or  less  homogeneous  intercellular  sub- 
stance in  which  fibril  lae  later  make  their  appearance.  The  fibril- 
he,  however,  may  form  directly  without  the  intervention  of  a 
homogeneous  material.  According  to  some  observers,  these  fine 
fibres  are  formed  by  a  splitting  up  of  the  protoplasm  of  the  cell 
itself:  other  observers,  however,  assume  that  an  intercellular  sub- 
sunce  is  exuded,  as  it  were,  from  these  cells,  and  that  in  this 
medium  the  fibrils  are  subsequently  formed.  When  the  develop- 
ment of  fibres  has  reached  a  certain  point  the  formative  cells  or 
fibroblasts  begin  to  diminish  in  number,  those  which  are  left  being 
enclosed  in  narrow  spaces  between  the  bundles  of  new  fibres. 

According  to  Grawitz,  as  already  seen,  the  new  cells  are  devel- 
oped from  the  so-called  "slumbering  cells,"  which  lie,  undetected 
by  staining  fluids,  in  the  fibres  under  ordinary  circumstances,  but 
when  in  a  state  of  irritation  they  become  active  once  more  and  are 
capable  of  forming  new  tissue.  This  view,  though  endorsed  by 
many,  has  not  met  with  general  acceptance. 

Thus  far,  connective  tissue  only  has  been  considered.  The  cells 
of  this  tissue,  like  all  other  cells,  can  of  course  solely  produce  those 
of  their  own  blastodermic  layer.  An  epithelial  cell  cannot  produce 
cartilage  or  bone.  Some  cells  have  permanently  lost  their  power 
to  proliferate,  such  as  the  epidermal  cells  and  the  non-nucleated 
blood-corpuscles;  also,  probably,  the  ganglion-cells.  Epithelial 
.land-cells,  connective-tissue  cells,  periosteal  and  bone-mar- 
row cells,  possess  very  active  reparative  properties. 

Attention  will  now  be  given  to  the  healing  of  a  wound  through 
the  skin  and  subcutaneous  tissue.  When  there  is  made  an  incision 
freely  divides  these  structures,  their  natural  elasticity  sepa- 
rates the  edges  of  the  wound  from  one  another,  and  the  wound  is 
said  to  "gape."  When  only  smaller  vessels  are  cut,  the  bleeding 
either  stops  spontaneously  after  exposure  to  the  air  or  it  may  read- 
ily be  controlled  by  the  temporary  application  of  pressure-forceps. 
When  the  larger  vessels  have  been  tied  and  the  bleeding  ceases, 
the  edges  of  the  wound  are  brought  together  by  suture.  If  the 
wound  is  deep,  it  may  be  necessary  to  pass  some  of  the  sutures  to 
uimusnal  depth,  or  buried  sutures  may  be  applied  to  bring  the 
subcutaueons  fatty  tissue  or  muscular  fibres  into  their  proper  posi- 
tion, so  that  no  "dead  spaces1'  are  left.  In  other  words,  the  walls 
of  the  wound  must  be  brought  in  contact  throughout,  otherwise 
the  oozing  of  blood  and  serum  that  almost  invariably  occurs  during 
the  first  few  hours  may  separate  the  walls  from  one  another  and 
thus  delay  the  healing  process. 
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If  the  wound  has  been  preserved  in  an  aseptic  state,  there  a 
no  symptoms  of  inflammation  seen  during  the  healing  proccs 
The  parts  appear  during  the  next  few  days  almost  exactly 
they  were  at  the  time  the  wound  was  first  dressed.  There 
usually  a  certain  amount  of  swelling  and  tenderness  in  the  pai 
The  former  symptom  is  due  to  the  exudation  of  serum,  whit 
collects  In  the  interstices  of  the  tissue  or  between  the  lips  of  tl 
wound.  In  large  wounds  the  amount  of  serum  thus  exuded  mi 
be  considerable.  It  is  estimated  that  the  quantity  of  serum  whii 
fk'Yvs  from  the  wound  of  an  amputated  hip-joint  may  exceed  a  pi 
in  the  first  twenty-four  hours.  There  is  also  an  increased  nuniV; 
of  cells  in  the  part,  and  a  deposit  of  fibrin  both  in  the  lips  of  t 
wound  and  in  the  interstices  of  the  tissue.  In  consequence  of  t} 
exudation  the  parts  immediately  about  the  wound  are  somewh, 
firmer  to  the  touch  than  they  were  before. 

Firm  pressure  and  careful  adjustment  of  the  edges  of  the  woon 
will  generally  greatly  diminish  the  amount  of  the  exudation.    Th 
dressing,  however,  is  usually  soaked  with  a  sero-sanguinolentdis 
charge  during  the  first  twenty-four  hours.      On  this  accoui 
surgeons  still  prefer  to  place  a  drain  of  some  kind  between  tb 
edges   of   the  wound   for  twenty-four   or   forty-eight   hours,   eve 
though   they  are  quite   confident  of   its  aseptic   character.     Tl: 
primary  oozing  of  serum  is  thus  disposed  of,  and  undue  pressui 
on  sensitive  or  on  vital  parts,  such  as  the  brain,   is   avoided. 
small  strand  of  sterilized  gauze  or  a  thoroughly  sterilized  dr 
tube  is  sufficient  for  the  purpose.     If  the  drain  is  not  remove 
before  the  end  of  the  second  day,  it  is  liable  to  cause  suppuratio 
Even  though  the  dressing  be  perfectly  aseptic,  the  staphylococc 
epiderrnidis  albus  (existing  in  the  deeper  layers  of  the  epidermi 
may  thus  find  its  way  into  the  interior  of  the  wound. 

If  the  stitches  are  removed  on  the  fifth  day  in  wounds  whe 
there  is  no  tension,  the  skin  will  remain  adherent,  although  t] 
union  is  still  far  from  firm.     The  edges  of  the  wound  are,  in  fat 
only  glued  together  during  the  first  two  or  three   days 
coagulated  fibrin. 

In  large  wounds  coaptation  of  the  parts  on  the  surface  is  rare 
so  perfect  that  complete  union  of  the  edges  of  the  skin  takes  pla 
from  one  end  of  the  wound  to  the  other.  At  one  point  the  sk 
may  be  at  a  slightly  lower  level  than  at  another  point,  or  the  sk 
may  be  curled  in  by  the  stitches.  Small  fragments  of  skin  83 
have  been  bruised  or  unduly  constricted,  and  minute  sloughs  m 
form    in   this   way.      Consequently,   after  the   dressing   has 
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removed  iniuute  scabs  are  found  here  and  there  along  the  line 
of  the  incision  that  do  not  drop  off  for  several  days.  The  points 
of  exit  of  the  suture  are  also  marked  by  small  crusts.  During  this 
period  the  wound  is  in  a  very  receptive  state,  and  any  undue  strain 
or  neglect  may  favor  the  development  of  a  minute  focus  of  sup- 
m  under  some  one  of  these  scabs,  which  may  result  in  an 
abscess.  The  soft  new  tissue  has  feeble  power  of  resistance  to  the 
invasion  of  the  bacteria.  A  large  wound  cannot  be  said  to  have 
passed  through  its  period  of  danger  before  the  end  of  three  weeks. 
Tins  mode  of  union  is  termed  healing  by  first  intention  (PI.  II.). 

If  the  wound  has  not  been  kept  aseptic,  symptoms  of  inflamma- 
tion appear  on  the  second  day.  The  edges  of  the  wound  are  some- 
itttt  reddened,  and  much  more  tender  than  in  the  aseptic  wound. 
By  the  third  day  a  slight  amount  of  pus  may  emerge  from  some 
portion  of  the  superficial  structures  or  from  a  stitch-hole.  A  mod- 
erate amount  of  sepsis  will  not  interfere  with  a  prompt  healing  of 
the  wound,  and  if  a  moist  antiseptic  dressing  is  applied  to  favor 
tlie escape  of  the  small  quantities  of  pus  found  here  and  there,  the 
;n  iv  practically  heal  by  first  intention.  In  such  wounds, 
r,  it  is  probable  that  there  will  be  left  a  small  sinus  which 
may  not  heal  until  the  end  of  two  or  three  weeks. 

If  sections  of  the  wound,  made  at  different  stages  of  the  heal- 
eess,  are  now  examined,  the  following  appearances  will  be 
observed:  At  the  upper  margin  of  a  wound  two  or  three  days  old 
tie  epidermis  is  usually  found  more  or  less  curled  in.  Wherever  in 
the  deeper  layers  of  tissue  the  fibres  have  retracted,  there  are  found 
small  clots  of  blood,  which  serve  the  useful  purpose  of  filling  out 
all  irregularities.  If  the  section  has  been  stained  carefully,  all 
cell-structures  stand  out  with  great  distinctness,  and  the  line  of 

Mncision  is  indicated,  even  with  a  very  low  power,  by  a  row  of 
cells  which  have  accumulated  at  the  edges  of  the  wound  on  either 

i^es  running  an  aseptic  course  the  number  of  cells  is  com- 
ply small,  and  they  are  not  seen  except  in  the  immediate 
vicinity  of  the  wound  (PI.  II.).  There  is  an  accumulation  of 
cells  around  some  of  the  blood-vessels,  and  rows  of  small  round 
cells  may  be  seen  extending  between  the  bundles  of  fibres  toward 
lie  margins  ut  the  wound.  The  small  clots  found  in  clefts 
between  retracted  fibres  are  invaded  with  numerous  leucocytes. 
The  number  of  vessels  does  not  appear  to  be  increased,  and  it  is 
probable  that  in  many  instances  the  formation  of  numerous  vascu- 
lar loops,  so  often  described,  does  not  take  place. 


, 


In  healing  by  first  intention  there  is  at  first  no  reddening  of  the 
cicatrix,  which,  however,  becomes  red  and  prominent  at  the  end 
of  a  few  weeks,  and  it  is  probable  that  at  this  period  new  vessel* 
have  formed.  In  many  parts  of  the  body  the  scars  are  almost 
imperceptible  from  the  beginning,  and  in  these  cases  there  is  link 
if  any  increased  vascularity.  According  to  Thiersch,  the  plasma 
canals  communicating  directly  with  adjacent  vessels  contain  bl 
by  which  the  tissues  are  provided  with  nutriment  until  new  bl 
vessels  are  formed.  When  there  is  considerable  amount  of  infl 
mation  complicating  the  healing  process,  there  is  a  formation 
new  vessels,  which  develop  in  the  shape  of  loops  projecting  tow; 
the  edges  of  the  wound.  Experimentally  it  has  been  shown  t! 
in  animals  these  vascular  loops  may  unite  across  the  lips  of  t' 
wound  in  about  ten  days. 

A  careful  inspection  of  several  sections  usually  discloses  t 
fact  that  minute  fragments  of  the  edge  of  the  wound  or  of  the 
deeper  structures  have  become  necrosed  and  are  in  process  of 
absorption.  The  leucocytes  are  markedly  increased  in  numbers 
around  such  masses,  and  also  around  fragments  of  the  ligature, 
between  the  fibres  of  which  many  cells  make  their  way.  It  is 
evident  that  the  leucocytes  are  endeavoring  to  break  up  and  ahsorta 
all  material  that  is  in  the  nature  of  a  foreign  body  (PL  II.). 

If  a  wound  is  examined  near  the  end  of  the  first  week,  it  wii 
be  found  that  the  round  cells  are  beginning  to  disappear,  and  in 
their  place  will  be  seen  spindle-cells  or  fibroblasts.  These  are  th« 
cells  which  have  developed  from  the  pre-existing  cells  of  the  part. 
The  surrounding  cells  or  leucocytes  take  no  prominent  part  in  th« 
process  of  repair,  but  serve  as  nutriment  for  the  forming  tissue 
Between  the  fusiform  cells  new  intercellular  substance  is  developed 
in  the  why  already  indicated,  and  thus  new  fibrous  tissue  is  formed 
As  the  fibres  develop  many  of  the  fusiform  cells  undergo  granula 
degeneration  and  are  absorbed.  The  same  fate  also  awaits  sue 
leucocytes  as  have  not  already  found  their  way  through  the  lympk* 
channels  back  into  the  circulation.  In  this  way  is  formed  cies 
tricial  tissue,  which  differs  from  normal  fibrous  tissue  in  that  tl 
fibres  do  not  run  parallel  with  one  another,  but  interlace  in  varioi: 
directions,  forming  a  felt-like  mass  which  is  very  elastic  and  hu 
great  contractile  power — a  peculiarity  which  serves  a  useful  pu 
pose  in  drawing  the  edges  of  the  wound  firmly  together.  The  sc 
when  gradually  formed  becomes  prominent  and  red,  and  is  a  sou  re 
of  disfigurement  on  an  exposed  surface.  The  contractile  natur 
of  the  scar-tissue,  however,  gradually  constricts,  one  after  anothe 


ihe  delicate  capillary  loops  that  have  developed,  so  that  eventually 
there  is  less  blood  flowing  through  the  part  than  there  was  before 
the  injury.  This  change  takes  place  slowly,  and  a  year  or  more 
may  elapse  before  the  red  scar  has  faded  away  and  given  place  to  a 
line  that  is  somewhat  paler  than  the  surrounding  healthy  skin. 

•ng  by  second  intention  occurs  when  the  edges  of  the  wound 

lOt  been  brought  together.  In  this  case  a  considerable 
quantity  of  new  tissue  is  formed,  by  means  of  which  the  cavity  is 
bull  up  from  the  bottom.  If  a  wound  is  made  (by  the  removal  of 
abreast)  so  large  that  the  skin  cannot  be  brought  together,  it  will 
be  found,  after  the  bleeding  has  been  arrested,  that  in  the  portion 
which  has  not  been  closed  the  bottom  is  covered  by  the  red  muscu- 
lar tissue  of  the  pectoralis  muscle,  and  that  the  sides  are  composed 
of  ihe  yellow  adipose  tissue.  The  anatomical  structures  are  some- 
what obscured  by  the  formation  of  a  thin  coagulum  of  blood  which 
fills  out  the  irregularities  of  the  surface  on  the  bottom  and  around 
the  edges  of  the  wound.  After  the  lapse  of  several  hours  a  trans- 
parent film  forms  over  the  whole  surface,  covering  it  like  a  varnish. 
round  is  said  to  have  l( glazed."     This  appearance  is  pro- 

iv  the  exudation  of  serum  from  the  blood-vessels  and  by  the 
coagulation  of  the  fibrin  it  contains.  Formerly  surgeons  were  in 
the  habit  of  waiting  for  this  stage  of  the  healing  process  before 

the  wound,  as  it  was  supposed  that  the  opposing  surfaces 

then  quickly  adhere  and  would  not  be  forced  apart  by  the 
i.ition  of  serum. 

film  does  not  remain  transparent  a  long  time,  for  soon 
minute  opaque  spots  begin  to  appear  here  and  there,  caused  by  the 
accninulation  of  leucocytes.  The  coagula  of  blood  on  the  surface 
also  soften,  and  tiie  color  runs  through  the  transparent  layer  and 
it  i  dirty  red.  The  normal  tissues  now  begin  to  disappear, 
and  the  layer  formed   over  them  soon  becomes  further  discolored 

liquefaction  of  minute  sloughs  of  tissue  which  have  been 

the  knife.     The  surface  of  the  wound  no  longer  has  its 

dean  appearance,  but  it  is  covered  with  a  dirty  membrane  having 

a  mixture  of  ill-defined  colors.     This  membrane  remains  for  three 

days,  at  the  end  of  which  time  it  appears  to  have  separated  from 

jacent  parts  by  the  formation  of  a  fluid  beneath.  The  mem- 
brane finally  floats  off  with  a  free  flow  of  pus,  and  there  is  disclosed 

of  bright-red  tissue  studded  with  very  minute  elevations, 

known  as  granulat  The  wound  is  said  to  have  denned  off. 

It  will  be  noticed  at  this  stage  that  the  wound  is  much  shallower 

was  before.     The  tissue  of  which  these  granulations  are 
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composed  is  known  as  granulation  t  issue  y  and  it  is  by  the  growth 
of  this  tissue  that  the  cavity  is  filled.  In  a  few  days  this  layer 
readies  the  level  of  the  surrounding  skin,  and  it  is  now  seen  that 
the  area  of  the  wound  is  smaller  than  it  was  at  the  beginning. 
The  next  stage  in  the  healing  process  is  the  covering  of  the  gr 
lations  with  epidermis.  U  the  margins  of  the  granulating  tissue 
be  examined  with  a  lens,  the  presence  will  be  uoted  of  a  trans- 
parent film,  through  which  the  granulations  may  still  be  seen, 
although  they  have  flattened  out.  As  this  transparent  film  works 
its  way  toward  the  centre  of  the  wound  the  older  layers  change 
to  a  pearly-white  color  and  become  opaque.    This  process  (Fi^ 


Fig.  44. — Healing  by  Second  Intention. 


consists  in  the  proliferation  of  epithelial  cells,  by  which  means  the 
new  granulation  tissue  is  eventually  covered  over.    These  cells  can — - 
not  form  independently  in  the  centre  of  the  wound,  although  the 
new  epithelial  cells  possess  amoeboid  movements  and  may  wandei 
a  short  distance  from   the  margin  of  the  wound.     The  growth  i 
not  unlike  the   formation  of  ice  on  a  pond,  the  water  around  th 
edges  of  which  first  becomes  covered  by  a  thin  film  of  ice,  wl 
by  a  process  of  continuous  formation  finally  covers  the  dee 
waters  at  the  centre. 

In  large  wounds  the  surrounding  epidermis  is  unable  to  suprW 
a  sufficient  number  of  cells  to  cover  the  open  surface;  consequent!  N 
the  wound  would  not  heal  were  it  not  for  the  power  of  the  ci 
tricial   tissue   forming  beneath   the   granulations  to  contract 
draw  the  edges  of  the  wound  toward  one  another.     This  contra 
tile  power  is  caused  by  the  shrinkage  due  to  the  absorptiou  of   th 


soft  cellular  and  vascular  granulation  tissue  and  its  replacement  by 
-e  fibrous  structures. 

If  the  granulation  tissue  is  studied  under  the  microscope,  there 
will  be  found  a  tissue  crowded  with  small  round  cells  and  contain- 
ing a  targe  number  of  small  blood-vessels,  which  tend  to  run  in  a 
vertical  direction  toward  the  surface  of  the  wound.     An  examina- 
tion of  this  tissue  with  a  high  power  of  the  microscope  shows  that 
there  are  not  only  a  large  number  of  leucocytes,  distinguished  by 
their   numerous    nuclei    which    come    out    very   characteristically 
■when  stained,  but  that  there  are  also  many  single-nucleated  leu- 
cocytes and  larger  epithelioid  cells.      Near  the  surface  of  the  gran- 
ulation tissue  the  leucocytes  abound  (Fig.  45).     Lower  down  are 


-Vascnlax  Spaces  with  Tissue  filled  wilh  Leucocytes  near  the  Surface  of  Granul ilfaos. 


found  the  larger  cells,  particularly   in  the  vicinity  of  the  blood- 

from  whose  walls  an   active   cell-growth   appears   to  take 

Still  lower,  the  cells  assume  a  spindle  shape,  and  the  deep- 

»f  all  consist  of  bundles  of  spindle-cells  running  in  a 

horizontal  directiou  beneath  the  surface.     In  wounds  that  have 

remained  open  for  a  long  time  or  in  ulcers  this  deepest  layer  has 

become  quite  fibrous,  and  it  seems  to  serve  the  purpose  of  walling 

°ff  the  surrounding  healthy  tissues  from   (he  im perfectly -fotmeA 


ascribe  to  the  presence  of  these  loops  the  little  hillocks  of  cells 
characteristic  of  granulations  ;  but  a  study  of  microscopical  sec- 
tion does  not  show  this  arrangement.  The  blood-vessels  are  cotx  i 
paratively  few  in  number  at  this  time,  though  they  are  muc^Ti 
larger  than  those  found  in  the  surrounding  parts.  They  have 
tendency  to  ascend,  either  vertically  or  at  a  slight  angle,  toward 
the  surface,  where  their  further  progress  is  lost.  They  are  parallel 
with  one  another,  and  probably  anastomose  by  a  more  or  less  hori- 
zontal system  of  capillaries  in  the  upper  layers  of  cells.  (Fig.  4 

The  histological  changes  which  occur  during  the  formation  of 
granulation  tissue  have  already  been  indicated  so  far  as  the  actio 
of  the  cells  is  concerned.     There  is  seen  at  first,  as  the  result   o 
this  action,  an  abundant  small  round-cell  infiltration  of  the  p«x 
occupying  nearly  all  the  space,  so  that  the  intercellular  substa.rx< 
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is  difficult  to  find.  The  fibres  have,  in  fact,  undergone  a  soften- 
ing, a&d  the  intercellular  substance  appears  as  granular  material. 
The  majority  of  these  cells  are  leucocytes  which  have  emigrated 
from  the  blood-vessels  ;  but  many  of  them,  principally  those  with 
single  nuclei,  are  derived  from  the  pre-existing  cells  of  the  part 
As  this  tlSSUC  develops  and  as  the  cavity  begins  to  fill,  there  is 
found,  in  studying  with  high  powers,  a  great  variety  of  shapes, 
some  being  club-shaped,  others  having  a  large  body  and  a  bright 
oval  nucleus,  the  so-called  "epithelioid  cells."  The  epithelioid 
cells  may  be  seen  best  near  the  vessels  which  ramify  in  the  new 
and  they  are  the  principal  cells  relied  upon  for  the  formation 
of  ihenew  scar-tissue.  In  the  deeper  layers,  consequently  among 
the  cells  most  advanced  in  development,  are  found  many  spindle- 
shaped  cells  running  parallel  with  one  another  and  in  a  more  or 
less  horizontal  direction.  This  is  the  next  stage  of  the  process. 
It  is  between  these  cells  that  the  new  fibrillar  are  seen  forming. 
On  the  surface  are  found  numbers  of  broken-down  cells  and  poly- 
nucleated  cells  enclosed  in  a  coagulated  material.  This  is  the 
liquefied  tissue  cast  off  from  the  upper  layer  and  seen  on  the  liv- 
ing granulations  as  pus. 

The  new  blood- vessels  firm  by  a  budding  growth  from  the  waits 
of  pre-existing  zessels.  The  endothelial  cells  of  a  capillary  undergo 
u  by  karyokinesis,  and  presently  there  is  seen  a  tent-like  ele- 
vation (from  the  wall  of  the  vessel)  that  continues  to  grow  into  a 
fine  prolongation,  consisting  of  granular  protoplasm,  which,  after 
a  certain  length  of  time,  contains  nuclei  (Fig.  47).  This  bud 
may  unite  with  a  similar  one,  or  may  return  to  the  vessel  again, 
ig  a  vascular  loop,  or  may  communicate  with  another  ves- 
sel (Fig.  48),  The  vessel  may  also  terminate  in  a  club-shaped 
The  central  portion  of  the  new  protoplasm  now  begins  to 
soften,  and  a  cavity  forms  which  subsequently  communicates  with 
the  lumen  of  the  vessel.  The  new  tube  at  first  has  a  homogene- 
ous wall,  but  later  the  protoplasm  groups  itself  around  nuclei  that 
informing,  and  endothelium  is  thus  developed.  Some  of  the  tis- 
sue-cells of  the  neighborhood  come  in  contact  with,  and  strengthen, 
the  vessel-wall.  When  the  vessels  are  in  a  state  of  development 
like  this  their  walls  are  highly  cellular.  In  all  granulation  tissue 
an  active  cell-growth  is  found  near  the  vessel,  and  the  endothelium 
of  the  capillaries  has  a  special  reputation  for  its  power  of  procrea- 
the  method  of  intracellular  growth  of  capillaries, 
and  is  the  generally-accepted  theory  of  vascular  development. 

1\&  intercellular  method  of  growth  is  seen  in  the  formation  of 


Fig,  47,' — Development  of  Blood-vessel  in  Mesentery  of  an  Embryo. 


treme  limits  may  be  found  to  which  the  corpuscles  have  pene- 
trated. Inasmuch  as  it  is  known  that  the  plasma-canals  are  filled 
with  blood  in  fresh  wounds,  it  is  highly  probable  that  the  subse- 
quent cell-growth  can  form  canals  which  open  into  the  blood-ves- 
sels. In  the  writer's  studies  in  the  repair  of  arteries  new  tissue 
has  been  seen  growing  into  a  portion  of  a  blood-vessel  which  has 
been  cut  off  from  a  trunk  by  a  double  ligature,  containing  young 
vessels  developing  in  this  way.  In  sections  of  granulation  tissue 
can  be  seen  small  blood-vessels  with  bands  of  cells  branching  off 
from  their  walls.  In  the  axis  of  these  bands  the  cells  are  separatee^ 
and  vessel -walls  are  formed  from  them. 

When  the  granulation  tissue  has  been  covered  with  epidermt 
the  cell-infiltration  has  already  in  part  disappeared,  and  the  pol 
nuclear  leucocytes  have  broken  up  and  have  been  absorbed.  Tl 
fibroblasts  have  formed  intercellular  substance.  Perhaps  some 
the  fibroblasts  have  been  transformed  into  fibres  to  awaken  on 
more  at  some  future  time.  At  all  events,  the  scar-tissue  now 
comes  very  rich  in  fibres,  and  few  cells  are  seen  there.     The  bl 


48, — Development  of  Blood-vessel  in  Mesentery  of  an  Embryo :  formation  of 
vascular  loops. 

reatly  in  number  in  the  way  already  indicated,  and  the  scar 
becomes  paler  than  the  normal  skin;  but  this  change  does  not 
occur    until  months  after  the  wound  has  healed. 

Tlie  healing  of  a  wound  whose  edges  have  not  been  brought 
together  may  take  place  without  the  formation  of  pus,  provided 
the  cavity  thus  formed  is  filled  with  healthy  blood-clot  and  the 
wound  itself  is  in  an  aseptic  condition. 

The  so-called  organisation  of  the  blood-clot  occuts  by  an  in- 
growth of  cells  into  the  gelatinous  material  thus  furnished,  which 
material  takes  no  active  part  in  the  process,  but  serves  as  an  admir- 
able "culture-medium"  for  cell-development.  In  such  cases  at 
ud  of  two  or  three  days  the  clot  is  seen  filled  with  a  round- 
cell  infiltration,  the  cells  of  which  grow  more  numerous  as  the 
clot  breaks  up  and  disappears.  The  granulation  tissue  thus  formed, 
,Da  I  more  is  supplied  with  blood-vessels.     If  no  suppura- 

tion takes  place,  a  portion  of  the  old  clot  remains  as  a  scab  upon 
fc  sarface  until  cicatrization  is  complete.  The  organization  of 
ti>e  clot  is  not,  however,  always  effected  in  this  way.  In  some 
cases  the  clot  may  recede  before  the  advancing  cell-growth,  which 
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occurs  in  the  shape  of  granulations  projecting  in  an  irregular 
manner  into  it  in  the  same  way  as  upon  a  granulating  surface. 
The  clot  shrinks  greatly  as  the  new  tissue  grows  forward  to  take 
its  place  (Fig.  49).  This  method  of  healing  by  blood-clot  occurs 
in  subcutaneous  wounds,  in  simple  fractures,  in  ruptures  of  inter- 
nal organs,  and,  in  fact,  to  a  certain  extent,  in  almost  even*  wound 
that  heals  without  suppuration. 

The  granulating  surfaces  of  open  aseptic  wounds  (a  few  days 
old)  may  be  brought  together,  and  will  unite  by  third  intention. 


Fig.  49. — Granulations  compressing  Blood-clot;  injected  specimen  (tenth  day). 


In  older  open  wounds  with  moist  and  luxuriant  granulating  sur- 
faces the  granulations  should  be  scraped  off  before  bringing  th 
edges  together.      In  this  way   the  healing   process  is  sometime^ 
greatly  shortened. 

The  heating  of  tendon  varies  somewhat  according  to  the  presence 
or  the  absence  of  blood-clot.  After  the  tendo  Achillis  has  bee-  ^ 
divided  experimentally  in  the  rabbit,  the  sheath  is  found  filled  wit:  1 
a  firm  cylindrical  clot.  A  few  days  later  it  will  be  evident  that- 
growth  of  new  tissue  has  taken  place  in  the  tendon-sheath,  *m  -\ 
that  a  callus  has  been  formed  enclosing  the  retracted' ends  of  t"^ 
tendon  (Fig.  50).     If  the  specimen  is  now  removed,  placed  in  al^-^, 
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hoi  to  harden,  and  subsequently  is  divided  longitudinally,  it  will  be 
found  that  the  divided  ends  of  the  tendon  have  retracted  consider- 
ably,  leaving  between  them  a  mass  of  blood-clot  and  new  tissue  which 
forms  a  spindle-shaped  covering  enclosing 
both  ends  for   some  distance   beyond   the 
point  of  division.     The  clot  is  already  par- 
absorbed,  and  the  new  tissue  is  grow- 
ing into  it  in  various   directions.     If  the 
-inib  has  previously  been  injected  with  Ber- 
lin blue,  the  rich  new  formation  of  vessels 
may  be  seen   producing  a  highly  vascular 
network  around  the  borders  of  the  clot.     In 
sucbaease  as  this  the  ordinary  method  of 
the  organization  of  the  blood-clot  has  not 
taken  place,  owing  probably  to  the  size  of 
the  clot,  but  the  tissue  has  formed  granula- 
.hich  are  pushing  into  the  clot.     It  is 
probable  that   large   clots  are   usually  ab- 
sorbed  in    this    way    by    lateral    pressure, 
rather  than  by  infiltration  with  wandering 
cells.    If  the  new-formed  tissue  be  exam- 
ined at  this  time  with  a  high  power,  it  will 
be  found  to  consist  of  spindle-shaped  cells 
running  mainly  in  a  direction  parallel  with 
the  long  axis  of  the  tendon.     The  new  tis- 
sue appears  to  spring  from  the  inner  wall 
of  the  sheath,  while   the  cut  edges  of  the  tendon,  standing  out 
b  bold  relief,  seem  to  take  no  part  in  the  process.      The  new 
blood-vessels  form  about  from  the  tenth  to  the  fourteenth  day  a 
rich  vascular    network    in    the    provisional    tissue,    and    some   of 
can    be    seen    already   communicating    with   vessels    lying 
between  the  fibres  of  the  old  tendon  (Fig.  51).     In  the  grauula- 
vhich  surround  the  margins  of  the  blood-clot  there  is  found 
mosing   network   of  vessels*    many   of  them    form- 
ing loop-like  prolongations;   others  seem    to   terminate   in   cltib- 
1  extremities  (Fig,   49).     The  blood-corpuscles  of  the  clot 
kre  by  this  time  disappeared,  having  become  pressed  together, 
and  the  clot  now  appears  as  a  brownish  mass  of  tangled  fibres  of 
fibrin.     As  the  process  of  repair  proceeds  the  fusiform  cells  dimin- 
munbex  and  the  intercellular  substance  begins  to  make  its 
appearance :  this  process  continues  until  a  tissue  is  formed  which, 
*"Kh   the  microscope,  is  difficult  to  distinguish  from  normal  ten- 


Fic.  50. — Healing  of  Ten- 
don :  callus  formation  with 
absorption  of  blood-clot. 
Granulations  are  seen  com- 
pressing the  clot  from  the 
sides,  and,  at  the  lower  por- 
tion, from  behind  (tenth 
day). 


don-fibre.  As  this  new  tissue  develops  a  large  portion  of  the  pro- 
visional tissue  is  absorbed,  together  with  the  remains  of  the  blood- 
clot,  and  the  callus  disappears. 

When  the  blood-clot  is  absent  the  walls  of  the  sheath  come  in 
contact,  and  unite  as  a  band  which  joins  the  ends  of  the  tendons. 


Fie.  51. — Detail  Study  of  the  End  of  ihe  Divided  Tendon  seen  in  Fig.  50 


New  tissue  in  many  cases  grows  between  these  walls,  and  a  tend* 
cicatrix  will  thus  be  formed. 

According  to  Viering,  the  tendon-cells  also  take  part  in  tl*. 
repair,  1ml  no  change  is  observed   in   them  before   the  fourth  da^r, 

that  is  seen  of  the  tendon-cells  in  the  quiescent  state  is  3 
elongated  staff-shaped  or  double-oval  nucleus  bent  into  a  gutte: 
shape.     There  is  but  little  protoplasm  to  be  seen  beyond  a  delicate 
granular  mass  around  the  nucleus  and  along  the  margin  of  the 
plasma-canals,  on  the  sides  of  which  lie  these  cells*     The  qui 
soon  enlarge  and  the  protoplasm  becomes  clearer.     Nuclear  ri: 
ion  next  takes  place,  and  the  cells  soon  become  mingled  with  the 
fusiform  cells  produced  by  the  granulation  tissue.     Viering 
found   cells   which   he   regards   as   developed   from    the   so-called 
"slumbering  cells"  in  the  tendon-fibres.     Tt  is  probable  that  the 
tendon-cells  take  only  a  comparatively  limited  part  in  the  process 
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of  repair,  though  the  new  tissue  formed  resembles  tendon-tissue 
more  closely  when  the  ends  of  the  tendon  have  been  sufficiently 
approximated.  In  some  tendons  the  divided  ends  are  not  reunited, 
j  to  their  great  displacement  This  is  more  likely  to  occur  near 
the  flexure  of  joints  and  where  the  sheath  is  lined  with  endothelium. 
Tendons  widely  separated  may  be  exposed  by  an  incision  and  the 
ends  may  be  approximated  by  sutures.  In  this  case  union  takes 
place  with  more  or  less  complete  restoration  of  function.  An  attempt 
should  always  be  made  to  suture  the  divided  ends  of  a  tendon  if  there 

probability  that  spontaneous  union  will  not  occur.  When  a 
tendon  is  divided  intentionally  by  the  surgeon  for  the  purpose  of 
lengthening  it,  the  ends  may  be  allowed  to  remain  a  considerable 
distance  apart  in  certain  localities,  as,  for  instance,  the  ankle.  If 
it  is  desired  to  elongate  the  tendon  of  the  wrist  or  of  the  hand,  a 
plastic  operation  should  be  performed.  The  tendon  in  this  case 
may  be  divided  by  ;in  extremely  oblique  incision,  so  that  the  ends 
will  still  overlap  slightly  when  considerable  retraction  of  the  prox- 
imal portion  has  occurred.  A  flap  may  be  made  by  partially 
dividing  one  of  the  ends  some  distance  above  the  seat  of  the  wound, 
and  by  incising  the  tendon  along  its  central  axis  from  this  point 
closedown  to  the  point  of  injury.  The  flap  thus  formed  can  be 
reflected  and  be  united  to  the  other  end. 

Rrptur  of  muscular  fibre  is  a  subject  about  which  observers 
have  differed  greatly.  It  was  formerly  supposed  that  striped 
muscular  fibres  were  not  able  to  reproduce  new  fibres,  and 
that  the  cicatrix  of  muscle  was  connective  tissue.  More  care- 
ful histological  study  has  disproved  this  view.  Differences  of 
opinion  have,  however,  prevailed  as  to  the  origin  of  the  mus- 
cular fibres.  Some  authorities  believe  that  the  new  growth  pro- 
ceeds from  the  muscular  cells  or  sarcoblasts;  others  assume  that  it 

ites  from  the  contractile  substance  which  is  metamorphosed 
protoplasm. 

verck  has  recently  made  a  series  of  careful  investigations  to 
determine  these  various  points,  by  experiments  on  rabbits.  He  found 
several  preliminary  changes  which  are  not  permanent.  In  small 
woands  of  muscle  at  the  end  of  twelve  hours  evidence  of  cell-divis- 

een  in  the  connective  tissue  of  the  perimysium  internum  and 
intheendotheliaofthe  small  vessels.  The  height  of  the  development 
of  granulation  tissue  thus  formed  is  reached  about  the  sixth  day.  In 
the  centre  of  this  tissue  necrosed  fragments  of  muscular  fibre  and 
giant-cells  are  seen.  This  new  tissue  occupies  the  injured  part,  and 
extends  along  the  perimysium  for  some  little  distance  between  the 
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neighboring  healthy  muscular  fibres.  It  does  not  remain  long, 
however,  and  at  the  end  of  two  weeks  there  is  seen  in  its  place  con- 
nective tissue  with  few  nuclei  separating  some  of  the  muscular 
fibres.  In  the  mean  time,  the  ends  of  the  injured  muscular  fibres 
break  up  into  spindle-shaped  fragments,  and  some  of  them  undergo 
fatty  degeneration,  vacuolation,  or  a  vesicular  degeneration.  Some 
fibres  remain  at  first  in  contact  with  their  necrosed  ends;  other 
fibres  atrophy  and  terminate  in  tapering  points.  The  separation 
of  the  necrosed  fragment  is  favored  by  leucocytes  and  connective- 
tissue  cells,  and  during  the  next  few  weeks  they  are  gradually 
absorbed. 

One  of  the  earliest  changes  seen  in  the  living  muscular  fibre  is 
the  proliferation  of  the  muscular  cells,  or  so-called  "sarcoblasts," 
which  appear  in  the  form  of  bundles  of  muscular  cells  at  the  ends 
of  the  muscular  fibres,  either  near  the  necrotic  zone  or  some  dis- 
tance away.  According  to  Nauwerck,  they  do  not  undergo  stria- 
tion,  as  some  observers  have  supposed,  but  at  the  end  of  the  first 
week  undergo  fatty  degeneration,  and  at  the  beginning  of 
third  week  have  disappeared.  There  is  seen  also,  at  an  early 
period,  a  peculiar  longitudinal  splitting  up  of  muscular  fibres, 
accompanied  by  an  active  formation  of  nuclei,  the  disappearing 
fibre  being  replaced  by  a  bundle  of  slender  fibres  having  longi- 
tudinal striation  and  spindle-shaped  cells. 

About  the  sixth  day  some  of  the  living  fibres  begin  to  elongate 
and  to  grow  in  among  the  necrosed  masses  of  fibres.  The  firsi 
terminal  prolongations  form  narrow  fibres  composed  of  a  profc 
plasm  rich  in  nuclei.  These  outgrowths  occasionally  surround., 
fork-like,  a  necrotic  fibre.  By  the  eighteenth  day  the  granul 
tion  tissue  is  already  invaded  for  some  distance  by  the  new  fib 
These  prolongations  grow  from  the  stumps  of  old  fibres,  formxn, 
the  tapering  fibres  found  near  the  wound,  and  from  fibres  whic 
have  been  split  up  longitudinally.  The  prolongations  are  a. 
always  single:  in  some  places  two  such  growths  are  seen  comii 
from  one  fibre,  and  these  in  turn  may  bifurcate.  Later,  th 
iilw  filnes  present  at  their  ends  club- or  spindle-shaped  swellirx, 
which  are  richly  supplied  with  nuclei.  Karyokinesis  is  seen  j 
these  nuclei,  but  more  frequently  multiplication  is  effected  t>\ 
the  process  of  "indirect  fragmentation."  These  muscular  buds 
show  a  longitudinal  striation,  but  by  the  end  of  the  second  week 
transverse  striae  are  plainly  seen.  The  nucleated  terminal  por- 
tions present  an  appearance  closely  resembling  giant-cells.  Th 
swollen  ends  disappear  during  the  fifth  or  sixth  week. 
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As  the  muscular  fibres  grow  they  lose  their  parallel  arrange- 
ment and  becomes   entangled  with  one    another.      Budding    may 
take  place,  not  only  from  the  ends  of  the  fibres,  but  also  laterally. 
The  former  method  is,  however,  the  usual  one.     The  new-formed 
fibres  gradually  invade  the  connective-tissue  cicatrix.     They  be- 
come thicker   and   cylindrical,   and   acquire   transverse   striation. 
Many  of  them   do  not  remain  permanently,   but  break  down  at 
in  early  stage  of   the   process    and    undergo    fatty    degeneration. 
As  the  fibres  grow  from  opposite  sides  of  the  wound  they  inter- 
lace with  one  another  (Fig.  52)  like  the  fingers  of  clasped  hands 
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Fic.  52. — Repair  of  Muscular  Fibre  (Nauwerck). 


i  inn.  In  this  way  the  connective- tissue  scar  disappears. 
,ill  wounds  the  cicatrix  is  therefore  entirely  muscular.  In 
Urge  wounds  the  fibres  may  be  unable  to  form  sufficient  new 
muscle,  and  the  connective-tissue  cicatrix  persists.  The  great 
irregularity  in  the  direction  of  the  new  fibres  is  so  modified 
ne  goes  on  that  the  horizontal  arrangement  reappears,  but 
there  is  usually  more  or  less  interlacing  of  the  new  muscular 
fibres. 

Repair  of  Nerves. — It  has  now  been  abundantly  proved   that 
s  sP>nal    nerve   when   divided    can    reunite   with    return    of    its 
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functional  activity.  It  has  also  been  proved  that  the  periph- 
eral end  of  one  nerve  can  be  united  to  the  central  end  of 
another  nerve  with  restoration  of  function.  As  yet  there  are 
110  data  which  show  that  a  purely  motor  trunk  can  unite  with  a 
purely  sensory  trunk,  with  a  return  of  function  to  the  peripheral 
portion. 

I1])  to  the  time  of  Nasse  and  Waller  it  was  generally  believed 
that  nerves  were  united  by  the  formation  of  new  fibres  between 
the  divided  ends,  and  that  the  peripheral  end  suffered  no  degen- 
eration, union  taking  place  by  first  intention.  This  view  appears 
to  have  been  borne  out  by  clinical  experience  in  certain  cases  in 
which,  after  nerve-suture,  there  was  an  immediate  return  of 
motion  or  of  sensation,  or  of  both.  Experimental  research* 
animals,  however,  have  not  confirmed  this  view.  The  rapid 
reproduction  of  sensibility  is  explained  in  some  cases  by  anasto- 
mosis of  the  peripheral  branches  of  the  divided  nerve  with  other 
sensitive  nerves  that  have  not  been  cut;  other  cases  may  be  exam* 
pies  of  the  so-called  "supplementary  "  or  "vicarious  sensibil 
and  motion.  The  experiments  of  Howell  and  Huber,  as  well  as 
those  of  other  observers,  show  that  in  animals  the  peripheral  end 
of  a  divided  nerve  degenerates  completely  throughout  its  whole 
length.  There  is  also  a  degeneration  of  the  terminal  fibres  of 
the  central  end  to  a  limited  extent.  These  degenerated  ti< 
fibres  are  subsequently  replaced,  and  the  repair  which  unites  the 
two  ends  of  the  nerve  takes  place  from  both  fragments,  but  chiefly 
from  a  downward  growth  of  embryonic  fibres  from  the  cent 
portion. 

The  new  nerve-tissue  is  produced  from  pre-existing  nerve- 1 
and  not  from  the  connective-tissue  structures  which  form  a  coi 
ponent   part  of  the   nerve-trunk.       New   nerve-fibres   are   co 
fluently  not    formed    in    the  granulation   tissue  surrounding   t 
ends  of  the  divided  nerve,   but  the  actively-growing  embryonw  ^c 
fibres  from  the  central  and  peripheral  ends  penetrate  this  rise 
and  finally  meet  one  another  and  unite.     According  to  Ranvi^ 
Kolliker,  and  others,  the  repair  takes  place  from  the  central  entj« 
The  axis-cylinders  swell    and   divide   into  several   branches  tlia 
eventually  break  through  the  neurilemma  and  ramify  in  the  con— 
nective-tissuc  structures  which  support  the  nerve-fibres  (endoneu- 
rium  and  perineurium),  and  cross  through  the  granulation  tissue 
into  the  peripheral  end,  some  of  the  cylinders  eventually  findiu^^ 
their  way  into  the  nerve-sheaths  again.     In  accord  with  this  vie 
is  the  theory  that  the  axis-cylinder  is  a  prolongation  of  a  EKfve  — 
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cell,  and,  when  cut  off,  repair  can  take  place  only  from  the  cell 
from  which  it  originated. 

Howell   and  Huber  found  that  the  return  of  function  in  the 
sutured   nerve  in  a  dog  begins  to  appear  on  the  twenty-first  day, 
and  is  nearly  perfect  at  the  end  of  eleven  weeks.     This  return  of 
function  cannot  take  place,  however,  without  the  previous  degen- 
eration of  the  entire  peripheral  end,  aud  it  is  attended  by  a  total 
loss  of  conductivity  and  irritability.     At  the  end  of  about  four 
days  after  division  the  continuous  myeline  sheath  breaks  up  into 
a  number  of  segments,   and  this  division  is  accompanied  by,   or 
causes,  a  breaking  of  the  axis.     By  the  seventh  day  a  very  active 
proliferation  of  the  nuclei  of  the  nerve-sheath  or  neurilemma  has 
begun.     It  is  probable  that  this  takes  place  by  indirect  division. 
After   division   the   nuclei  migrate,   and   several  nuclei  are  often 
found  in  one  internodal   space.      From    the   seventh   to   the   four- 
teenth day  absorption  of  the  myeline  takes  place,  together  with 
the  contained    fragments   of  the   axis-cylinder,   until    finally    the 
remnants  of  these  two  substances  entirely  disappear. 

Protoplasm  now  begins  to  accumulate  around  the  new  nuclei, 
and  increases  until  a  continuous  band  or  fibre  of  protoplasm^  in 
which  nuclei  are  imbedded,  is  formed  within  the  old  sheath. 
These  bands  constitute  the  "embryonic  fibres"  of  Neumann. 
After  the  formation  of  this   new  fibre  a  new  sheath  is  made  by 
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-Changes  seen  in  (he  Repair  of  a  Nerve  after  Division :   1,  absorption  of  myelin 
»nd  multiplication  of  nuclei  of  nerve-sheath  near  points  of  absorption;    2,  embryonic 
fibre  m  and  a  half  months  after  section ;  3,  formation  of  myelin  tube  5  4,  newly-formed 
II  -well  and  Huber). 

differentiation  of  the  peripheral  layers  of  this  protoplasmic  band, 
is  supposed  that  the  old  sheath  becomes  part  of  the  endo- 
connective  tissue  (Fig.  53), 
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It  is  probable  that  these  embryonic  fibres  have  some  of  the 
properties  of  mature  nerve-fibres,  and  that  they  can  conduct 
impulses  after  having  united  with  the  normal  fibres  of  the  cen- 
tral end.  Possibly  this  may  be  an  explanation  of  the  rapid 
return  of  sensation  in  some  of  the  reported  surgical  cases. 

In  case  the  ends  of  the  divided  nerves  are  not  reunited,  the 
degenerative  changes  proceed  in  much  the  same  way  as  when  the 
suture  has  been  made;  but  the  regeneration,  beginning  with  the 
formation  of  the  embryonic  fibres,  proceeds  more  slowly  than  in 
the  case  of  suture,  and  never  gets  beyond  the  embryonic  stage.  If 
the  reunion  with  the  central  end  has  been  made,  the  regenerative 
changes  go  on  to  the  formation  of  complete  nerve-fibres  having 
myelin  sheaths  and  axis-cylinders.  It  is  supposed  that  the  new 
myelin  is  formed  either  by  a  myelin  degeneration  of  the  super- 
fluous nuclei  or  from  the  substance  of  the  protoplasm  by  a  process 
of  chemical  differentiation. 

When  the  myelin  sheath  is  first  formed  it  encloses  a  core  which 
does  not  take  the  staining  by  osmic  acid.  Neumann  and  others 
assume  that  the  new  axis-cylinder  arises  from  this  core,  but  Ran- 
vier  believes  that  one  or  more  axes  grow  out  from  the  axis  of  each 
intact  fibre  of  the  central  end.  In  the  central  end  the  myelin  and 
axis-cylinders  disintegrate,  and  are  absorbed  for  a  certain  distance: 
an  embryonic  fibre  is  formed  from  the  new  protoplasm  arising  from 
the  nuclei,  and  in  this  a  myelin  sheath  is  first  formed  into  wl 
an  axis-cylinder  penetrates  as  an  outgrowth  from  the  end  of  the 
old  axis. 

It  is  supposed  by  Howell  and  Huber  that  in  the  normal  fibre 
the  nutrition  of  each  internode  is  directly  controlled  by  the  inter- 
nodal  nucleus — that  is,  the  nucleus  which  presides  over  the  portion^ 
of  the  nerve  included  between  the  nodes  of  Ran  vier — and  that  th 
metabolic  activity  of  the  nucleus  in  turn  is  influenced  by  trophi 
impulses  received  through  the  axis-cylinder  from  the  nerve-ceo*  . 
tres.  When  the  flow  of  impulses  is  interrupted  the  metabolic 
of  the  nucleus  and  its  dependent  structures,  myelin  and  intr  -*-_ 
nodal  protoplasm,  are  altered,  and  the  degenerative  changes  in  tVa 
myelin  and  axis-cylinder  take  place.  When  the  embryonic  fih> 
re-establishes  a  communication  with  the  central  end,  the  pn>t. 
plasm  and  nuclei  are  again  brought  under  the  influences  of  tin 
trophic  impulses  from  the  nerve-centres,  and  consequently  there  \ 
a  new  formation  of  myelin. 

According  to  Ranvier,  every  nerve-fibre  consists  of  links  unit 
together  at  the   u  points  of  contraction  of  Ranvier. "     Each  1 


possesses  a  nucleus  and  represents  a  cell.  It  is  evident  that  the 
protoplasm  and  nuclei  of  these  cells  play  a  prominent  part  in  the 
process  of  repair,  acting  as  a  sort  of  neuroblast.  It  is  not  surpris- 
ing that  repair  in  the  peripheral  portion  of  the  nerve  should  be 
effected  after  so  extensive  a  degeneration,  when  it  is  remembered 
that  changes  of  this  kind  are  going  on  during  the  entire  physiolog- 
ical life  of  the  nerve  almost  as  regularly,  according  to  some  authors, 
as  the  growth  of  epithelium  (Recklinghausen). 

It  is  evident,  from  what  has  preceded,  that  the  connective-tissue 
elements  play  no  part  in  the  repair  of  nerve-tissue.  The  perineur- 
ium and  the  endonenrium  throw  out  new  connective  tissue  about 
the  cods  of  the  fragments  and  form  a  sort  of  callus  which  holds  the 
nerve  together.  It  is  the  growth  from  this  tissue,  principally,  that 
forms  the  so-called  "neuromata"  or  bulbous  terminations  of  the 
ends  of  nerves  in  a  stump.  These  tumors  are  really  fibromata,  and 
it  is  due  to  the  contraction  of  the  cicatricial  tissue  they  contain 
that  nerves  thus  affected  arc  so  painful. 

In  regard  to  the  clinical  symptoms  following  nerve-section  it 
may  here  be  said  that,  although  paralysis  following  division  of  a 
motor  or  of  a  mixed  nerve  is  immediate  and  complete,  there  are 
conditions,  such  as  have  already  been  referred  to,  which  mask  this 
symptom  to  a  certain  extent.  Free  anastomosis  with  an  adjacent 
nerve  will  give  to  a  certain  cutaneous  district  a  sensibility  it  would 
not  otherwise  possess.  Another  portion  of  the  skin  may  receive 
nerve-supply  from  several  nerves. 

There  is.  norm  ally,  free  anastomosis  between  the  median  and  the  ulnar 
nerreson  the  palmar  aspect  of  the  band.  It  should  also  be  remembered  that 
there  are  numerous  anastomoses  between  the  musculo-cutaneous  and  the 
median  nerves.  The  back  of  the  hand  is  supplied  not  only  by  the  radial 
ind  nlnar  nerves,  but  also  by  other  nerves.  The  musculo-cutaneous  nerve 
may  supply  sensation  to  the  skin  of  the  thumb  and  to  the  radial  portion  of 
the  dorsum,  the  posterior  cutaneous  nerve  may  supply  the  middle  portion  of 
tie  same  region,  and  the  external  interosseous  nerve  may  supply  the  oppos- 
f  the  index  and  middle  fingers. 

There  are,  therefore)  two  factors  to  deal  with  in  estimating  the 
difference  in  duration  and  extension  of  disturbances  of  sensibility! 
first,  the  irregularities  of  nerve-distribution  in  individual  cases, 
and,  second,  the  collateral  nerve-supply  by  anastomosis.  The 
prognosis   of    nerve-suture    varies   greatly   according   to   circum- 

ices.     If  a  nerve  is  i  in  mediately  sutured  after  division  and  the 

wound  heals  aseptically,   the   conditions   are   most  favorable   for 

restoration  of  function.     If  there  is  a  loss  of  a  portion    of  the 

nerve,  the  prognosis  is  less  favorable  for  union,  and  the  time  for 
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repair  is  in  such  case  much  longer.  The  nearer  the  injury  is  to 
the  origin  of  the  nerve,  the  longer  is  the  period  required  for  repair 
to  be  completed.  The  restoration  of  function  is,  however,  the  more 
rapid  the  nearer  the  point  of  division  is  to  the  peripheral  end  of  the 
nerve.  Excess  of  inflammation  tends  to  produce  cicatricial  tissue 
which  may  be  dense  and  may  interfere  with  the  reunion  of  the 
ends  of  the  nerve,  and  not  infrequently  it  forms  a  bulbous  termi- 
nation, chiefly  to  the  proximal  end. 

Old  injuries  are  not  so  easily  repaired  as  fresh  injuries,  as  the 
distal  portion  of  the  nerve  has  undergone  degenerative  changes 
which  still  remain.  The  prognosis  is  not  hopeless  in  cases  in 
which  the  nerve  has  been  divided  months  or  even  years  before. 

The  question  of  repair  of  the  nerve-tissue  of  the  brain  is  one 
about  which  great  doubt  exists.  Krebs  examined  two  cases  of 
brain  injury — one  recent,  the  other  of  long  standing.  Whether  new 
cells  were  developed  from  the  gray  matter  or  neuroglia  does  not 
appear  to  have  been  definitely  determined.  From  experiments  on 
animals  he  concluded  that  the  nerve-cells  proliferated.  Obersteiner 
says:  "A  divided  nerve-fibre  in  the  central  nervous  system  is  ren- 
dered permanently  useless  ;M  according  to  Schieffendecker,  a  regen- 
eration of  nerve-fibre  takes  place  in  the  cords  of  very  young  animals 
after  division,  but  repair  is  never  seen  in  adult  animals  nor  in  man. 

Nerve-suture. — There  are  two  methods  of  applying  nerve-suture, 
which  are  known  as  the  direct  and  the  indirect  suture.     The  direct 
suture  is  applied  through  the  nerve-tissue,  but  the  indirect  suture  is 
passed  through  the  perineurium  only.  The  direct  suture  possesses  the 
disadvantage  of  injuring  the  nerve-fibres  that  are  to  be  relied  upon 
for  repair.     It  has,  however,  a  firmer  hold  upon  the  nerve,  and  is 
therefore  more  reliable  when  there  is  any  tension  upon  the  sutnre. 
When  the  ends  of  the  nerve  can  be  brought  together  without  ten- 
sion the  indirect  suture  is  preferable,  as  it  admits  of  a  more  accu- 
rate adaptation  of  the  ends  to  one  another. 

Kolliker  prefers  the  finest  catgut,  for,  although  silk  and  metal 
sutures  do  not  prevent  healing  by  first  intention,  it  is  not  absolutely 
certain  that  so  sensitive  a  tissue  may  not  be  irritated  by  a  more  per- 
manent suture.  When  there  is  too  much  tension  an  auxiliary 
suture  may  be  applied  to  the  proximal  end  passing  transver 
to  the  long  axis,  including  adjacent  tissue  and  skin  if  necessary. 
This  auxiliary  suture  holds  the  retracted  proximal  end  in  position, 
so  that  coaptation  sutures  may  be  inserted. 

In  primary  sutnre  the  ends  of  the  nerve  should  be  refreshed  if 
they  have  been  bruised  or  torn.     In  secondary  suture  a  fragment 
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should  always  be  removed  from  each  end  before  they  are  brought 
together,  and  the  bulb  on  the  proximal  end,  if  present,  should  be 

!,  thus  removing  the  cicatricial  tissue  that  has  formed.  In 
primary  sutures  the  ends  of  the  nerve  are  usually  easy  to  find,  but 
in  secondary  suture  it  is  sometimes  impossible  to  find  one  of  them. 
When  there  is  a  considerable  interval  between  the  ends  of  the  nerve 
the  difficulty  in  bringing  them  together  may  be  overcome  in  various 
The  simplest  method,  and  the  one  which  is  effectual  if  the 

ice  does  not  exceed  4  cm.,  is  nerve-stretching.  The  limb 
should  first  be  placed  in  a  position  favoring  the  approximation 
uf  the  ends,  and  the  stretching  may  be  done  with  the  fingers  or  by 
dressing- forceps  protected  by  rubber  tubing.     L,e"tievant  and  Beach 

both  suggested  plastic  operations,  the  former  having  practised 
die  operation  upon  the  ulnar  nerve.     One  or  both  ends  are  split 

udinally  for  some  distance  above  the  stump,  and  the  portion 

released  is  reflected  and  united  to  the  opposite  end. 
e-grafting  has  been  tested  experimentally  by  several  ob- 
servers, and  has  been  successful ly  performed  by  Landerer  and  Vogt 
on  the  human  subject.  It  has  been  found  that  the  implanted  frag- 
:rant  takes  no  active  part  in  the  process  of  repair,  and  that  the 
nerve-fibres  undergo  degeneration.  It  serves  merely  as  a  medium 
through  which  the  nerve-fibres  grow,  Vauteir  proposes  a  method 
called  "suture  tubulaire,"  which  consists  in  slipping  the  two  frag- 
ments into  a  piece  of  decalcified  bone.  He  found,  however,  that 
the  fragments  occasionally  grew  past  one  another  -without  uniting, 
refore  lacerated  the  distal  end  to  allow  the  new  nerve-fibres 
to  penetrate  it.  Assaky  substitutes  for  the  decalcified  tubes  catgut 
loops.  The  catgut  sutures  applied  in  this  way  are  supposed  to 
serve  as  guides  to  the  growing  nerve-fibres. 

In  very*  large  defects  or  in  case  the  proximal  end  cannot  be 
found  Letievant  proposed  that  the  distal  end  should  be  implanted 
upon  the  trunk  of  an  adjoining  nerve,  the  trunk  being  opened  at 
the  point  at  which  the  nerve  is  sutured.  When  two  neighboring 
nerves  are  divided,  it  may  happen  that  it  is  only  possible  to  bring 
together  the  distal  end  of  one  nerve  with  the  proximal  end  of  the 
other.  This  operation  is  advised  in  order  to  maintain  the  integrity 
of  at  least  one  nerve-area.  Lobker  in  one  case  shortened  the  bone 
it  to  bring  the  ends  of  the  nerve  together  and  at  the  same 
time  to  suture  the  tendons. 

The  following  case  is  interesting  in  this  connection :  A  boy  entered  the 
writer' «.y. ml  at  the  hospital  for  an  unreduced  dislocation  of  the  etbow-joint. 
at  reduction  failing,  the  joint  was  laid  open  and  all  bands  wire 
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divided.  The  joint  surfaces  were  brought  is  apposition,  hut  it  was  tl 
fou ml.  that  the  ulnar  nerve  had  been  cut  during  the  operation,  and  the  ei 
were  so  fai  removed  when  the  hones  were  in  place  that  they  could  DQt 
approximated.  The  joint  was  accordingly  excised,  and  the  nerve  was  tl 
easily  sutured.  The  wound  healed  by  first  intention,  and  at  the  end  of  t 
months  the  function  of  the  nerve  was  restored  and  there  was  good  motion 
llu   elbow-joint. 

Kolliker  prefers,  above  all,  the  method  of  nerve-stretchit 
He  places  Assaky's  catgut  loops  next  in  order  of  preference  a 
before  plastic  operation,  as  this  method  follows  more  closely  t 
physiological  processes  during  repair. 

Healing  of  Bone. — The  cicatrix  of  bone  is  usually  bone;  that 
the  bony  tissue  has  the  power  of  reproducing  itself  after  injui 
and  it  is  only  in  exceptional  cases  that  this  does  not  occur. 

When  a  long  bone  is  broken  there  is  a  great  deal  of  inju 
to  the  surrounding  parts.  The  Haversian  canals  are  rupture 
and  there  is  a  considerable  oozing  of  blood  between  the  bo 
fragments  and  in  the  surrounding  tissues.  This  oozing  is  m 
ally  sufficient  in  amount  to  form  a  tumor  of  considerable  size 
^        r  the  seat  of  injury  immediately  after  t 

accident,  and  serves  in  many  cases  as 
guide  to  the  diagnosis  of  fracture  (Fi 
54).  The  soft  parts  are  also  lacerat 
to  a  considerable  extent.  It  is  a 
that  the  rupture  of  the  periosteum  do 
not  occur.  The  sharp  end  of  one  or  * 
both  fragments  may  be  thrust  throuj 
the  periosteum,  or  it  may  be  pulled 
from  the  ends  of  the  bone  by  the  d 
placement  which  takes  place  at  the  in 
Bleat  of  injury. 

As  the  result  of  such  an  Injury  to 
part  traumatic  inflammation  occurs  a 
the  seat  of  the  fracture,  and  in  a  fey 
days  the  tissues  in  the  immediate  neigh 
borhood,  if  examined,  are  found  infil 
trated  with  blood-clot  and  are  matte* 
together  by  the  exudation  which  take 
place.  The  anatomical  relations  of  th 
soft  parts  surrounding  the  bone  arc,  fc 
the  time  being,  lost,  and  the  upper  .111 
lower  fragments  are  imbedded  in  an  indurated  mass  of  tissue,  whicl 
extending  some  distance  above  and  below  the  seat  of  the  fracture 


in 


Fir,.  54.—  Experimental  Fracture 
(dog)  at  the  end  of  the  first  week, 
showing  Moodctot  and  detached 
fragment  of  bone. 
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is  known  as  the  callus.  This  callus  does  not  have  any  well-defined 
outline,  and  involves  not  only  the  bone  and  periosteum,  but  also  the 
connective  tissue  and  some  of  the  surrounding  muscular  tissue.  In 
a  few  days  after  the  injury  this  inflamed  mass  begins  to  take  on  much 
firmer  consistency  than  is  seen  in  traumatic  inflammations  else- 
where. If  examined  during  the  second  or  third  week  of  the  pro- 
cess of  repair,  the  tumor  is  found  to  consist  no  longer  of  blood-clot 
has  been  absorbed,  but  of  a  dense  tissue  which  has  formed 
abundantly  in  and  beneath  the  periosteum,  and  which  in  places 
appears  to  have  developed  into 
cartilage  (Fig.  55).  A  week  or  two 
later  this  material  is  transformed 
into  a  porous  tissue  surrounding 
the  two  fragments  and  holding 
them  firmly  together.  In  the 
mean  time  changes  have  been 
going  on  in  the  medullary  canal. 
As  the  blood-clot  is  absorbed  it 
is  found  that  the  fatty  tissue  of 
the  canal  has  disappeared  near 
the  seat  of  the  fracture,  and  that 

•.-placed  by  granulation  tis- 
sue. Presently  it  is  obvious  that 
this  tissue  in  turn  has  given  place 
to  newly-formed  spongy  bone, 
known    as    the    internal    callus. 

tiermediate  callus  is  also 
recognized  by  some  authorities  as 
existing  at  this  time  between  the 
ends  of  the  bone,  but  it  is  clearly 
a  development  of  bone-tissue  from  one  of  the  other  sources  first 
mentioned. 

During  this  period  but  little  change  takes  place  in  the  sharply- 
defined  ends  of  the  shaft.  Gradually,  however,  the  dense  cortical 
bone  becomes  more  porous,  so  that  at  the  end  of  one  or  two  months 
a  mass  of  spongy  bone  occupies  the  seat  of  the  fracture.  The 
newly-formed  bone  preserves  the  contour  of  the  callus,  form 
spindle-shaped  swelling  extending  for  some  distance  above  and 
Wow  the  injury.  From  this  time  on,  the  new  bone,  formed  from 
the  medulla  and  the  periosteum,  is  gradually  absorbed,  while  the 
bone  of  one  fragment,  now  continuous  with  the  other,  resumes  its 
former  density  and  becomes  cortical  bone  once  more.     With  the 


FlG.    55.— Experimental    Fracture    (dog) 
after  forty-six  days ;  ossification  of  callus. 


i        SURGICAL    PATHOLOGY  AND    THERAPEUT; 

absorption  of  the  provisional  bone  the  medullary  canal  an 
periosteum  resume  their  former  relations.  When  the  fragmet 
so  overlap  one  another  that  the  continuity  of  the  medullary  cat 
is  broken  a  portion  of  the  cortical  bone  of  each  fragment  is  evci 
ually  absorbed,  and  in  this  way  the  medullary  canal  is  re-esta 
lished.  The  object  of  this  temporary  bone-formation,  known  as  t 
provisional  callus^  is  to  hold  the  broken  fragments  firmly  togetl 
while  the  slow  process  of  cicatrization  in  bony  tissue  takes  plat 

The  histological  changes  -which  occur  during  the  process  <>/  ntfin 
after  a  fracture  may  now  be  considered.  Already  as  early  as  t 
second  day  there  is  found  in  the  immediate  neighborhood  of  t 
fracture  an  infiltration  of  the  parts  with  leucocytes.  This  in 
tration  involves  the  lacerated  periosteum  and  the  connective  [\<- 
and  muscular  fibres.  The  extravasation  of  blood  and  the  infla 
matory  exudation  combine  to  obscure  the  normal  anatomical  stn 
tares.  At  some  distance  from  the  immediate  neighborhood  of  \ 
fracture  there  is  found  at  this  time  an  unusual  activity  in  t 
deeper  layers  of  the  periosteum  and  in  the  adjacent  bone. 
active  cell-proliferation  takes  place,  in  consequence  of  which 
form  cells  and  angular  or  stellate  cells  abound.  This  tissue  is 
intimate  communication  with  the  interior  of  the  bone,  and  is, 
fact,  continuous  with  the  medulla  through  the  connective- tiss 
system  of  the  Haversian  canals.  It  has  been  called  by  Ranv 
the  "periosteal  medulla." 

In  a  few  days  there  is  found  in  this  tissue  a  thick  layer  of  m 
cells  imbedded  in  a  finely  striated  intercellular  substance,  the  cc 
being  surrounded  by  a  halo  somewhat  like  that  seen  in  eartilaj 
and  the  tissue  being  unusually  dense  and  firm  in  appearau 
This  is  the  so-called  "osteoid  substance. M  Nearer  the  ends 
the  bone,  and  near  the  centre  of  the  inflammatory  mass  known 
the  callus,  the  intercellular  substance  has  a  more  transparent  h; 
line  appearance,  and  during  the  early  period  of  repair  this  portj 
of  the  callus  consists  largely  of  cartilage. 

If  the  osteoid  substance  just  referred  to  is  examined  at  t\ 
moment  when  the  transformation  into  bone  is  taking  plaee- 
that  is,  during  the  second  or  third  week — it  will  be  found  tin 
portions  of  this  tissue  take  the  staining  fluid  more  readily  tlia 
other  portions,  so  that  it  has  a  more  or  less  mottled  appearand 
This  appearance  is  due  to  the  deposit  of  lime-salts,  and  pt 
it  is  found  that  trabecular  of  bone  have  formed,  and  that  the  eel 
which  were  there  before  have  now  become  bone-cells  (Pij 

k These  cells  are  therefore  known  as  osteoblasts.     The  space 
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f !&■  3^- — r^ificulion  of  Osteoid  Substance  in  Callus,  three  weeks  (dog) ;  osteoid  substance 
»fc*»*c,  shaft  of  bone  below.  The  dark  trabecule  are  formed  of  newly- ossified  bone; 
between  them  are  the  Haversian  amah  in  process  of  development. 

ingles  to  those  supplying  the  shaft  of  the  bone,  and  the 
jrrain  of  the  new  bone  is  consequently  at  right  angles  with  that 
<rf  the  old  (Fig.  57). 

new  spongy  bone  is  now  seen  forming  some  distance  from 
it  of  fracture,  and  gradually  growing  thicker  as  the  ends  of 
loc  fragments  are  approached.     As  this  grows  out  from  each  end 
ixme,  it  invades  the  cartilaginous  callus,  and  the  two  but- 
tresses of    bone    developing   from    the   ends    of    each    fragment 
approach  each  other,  and  finally  come  together  and  form  a  bony 
bridge  which  unites  the  broken  ends.     This  newly-ossified  callus 
spongy  bone  with  a  coarse  meshwork,  containing  what 


Ik;.  57. — Experimental  Callus  (dog),  (bite  weeks. 

microscope,  it  will  be  found  that  they  contain  a  vascular  g 

*  latiou  tissue  surrot 

at  the  margin  of 
cavity  by  a  row  01" 
(Fig.  58).  It  is  ev 
that  these  cells  ar 
lively  concerned  ii 
formation  of  new  1 
layer  by  layer,  as 
deposition  of  lime 
can  be  seen  at  cc 
points  taking  plact 
tween  the  cells.  Ir 
way  the  spongy  bo 
comes  denser  and 
like  cortical  bone, 
h valine  cartilage  in 
specimens  examinee 

KtG.  58— Delail  Study  of  Three  Weeks'  Callus,  show       tl,e    writer   Seems    U 
ing  osteoblasts  forming  new  bone.  absorbed      as     the 
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Aflflrth  shoots  out  from  each  end  of  the  callus.  The  hyaline  ear- 
tflage  i'i:i\ ,  however,  at  certain  points  form  bone  by  the  calcification 
„f  the  intercellular  substance  and  a  change  of  the  cartilage-culls  into 
bone-cells  (Brans).  Meanwhile,  in  the  medullary  canal,  near  the 
ends  of  the  bone,  the  granulation  tissue  becomes  changed  into  red 
ordJibryonic  marrow;  osteoid  substance  is  formed  around  the  mar- 
row adjacent  to  the  cortical  layer  of  bone,  and  new  spongy  bone 
:ius  thrown  out  from  the  sides  of  the  medullary  canal  until  it 
with  a  porous  bony  tissue.  Hyaline  cartilage  is  occasion- 
ally seen  here,  but  this  is  the  exception. 

During  all   these  changes  the  ends  of  the  cortical  bone  appear 
to  remain  unaltered.     The   Haversian  canals  are  filled,  however, 
with  a  round-cell  infiltration,  and  the  vascular  spaces  are  grad- 
ually enlarged  by  an  absorption  of  the  lime-salts,  probably  by  the 
production  of  some  chemical  substance  developed  by  the  granula- 
tion-cells.    The  ends  of  the  dense   bone  become  porous,  and  con- 
sequently there  takes  place  a  transformation  of  the  boue  in  the 
immediate   vicinity  of  the  fracture   and   the   surrounding   callus 
mass  of  spongy  bone,     In  this  way  the  ends  of  the  frac- 
tured bone  become  firmly  united  to  each   other.      This  process 
occupies  many  weeks,  and  in  some  bones  it  may  be  months  before 
t/ie  dense  bony  tissue  undergoes  the  changes  necessary  to  hold  the 
two  fragments  permanently  together,    When  union  has  been  accom- 
plished the  callus  undergoes  absorption,  which  first  occurs  in  the 
internal  callus.     In  the  medullary  spaces,  which  again  are  becom- 
ing enlarged,  there  are  found  numerous  giant-cells  or  osteoclasts 
that  appear  to  play  a  prominent  role  in  the  process  of  absorption. 
The  giant-cells  usually  lie  in  little  excavations  of  the  bone-sub- 
stance.    In   this  way  the  outer  callus  also  is  gradually  absorbed, 
but  those  portions  of  bone  that  are  to  remain  permanently  become 
denser,  and  finally  assume  the  appearance  of  normal  cortical  bone. 
The  amount  of  the  callus  varies  greatly  in  different  cases.     It 
corresponds  pretty  closely  with  the  amount  of  displacement  of  the 
fragments  and  with  the  severity  of  the  inflammation.     In  ordinary 
casts  of  simple  fracture  the  callus  is  found  only  in   the  angles 
by   the   broken   ends  of  the   bone.      In   animals   that  are 
allowed  to  ran  about  during  the  process  of  repair  the  two  ends  of 
the  bone  are  imbedded  in  a  luxuriant  callus  which  involves  a  con- 
siderable portion  of  the  shaft. 

Sometimes  there  appears  to  be  an  inability  on  the  part  of  the 
bone-producing  structures  to  form  new  bone.  The  inflammatory 
tissue  is  absorbed  and  no  new  bone  is  thrown  out,  and  as  a  result 
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of  this  there  is  what  is  called  an  "ununited1'  fracture. 
ends  of  the  two  fragments  are  examined,  it  will  be  found  1 1 
have  lost  their  sharp  edges  by  absorption  of  bone,  and  t 
are  now  more  or  less  pointed.  The  two  ends  of  the  bone 
united  by  a  ligamentous  band.  In  some  cases  nature  attempt 
form  ft  new  joint,  and  it  is  then  found  that  the  ends  are  1 
together  by  a  capsule  which  when  open  is  seen  to  contai: 
small  amount  of  clear  serum,  and  the  ends  of  the  bone  are  cov< 
with  a  more  or  less  perfectly  formed  hyaline  cartilage.     This  ( 

Idition  is  known  as pseud-arikrosis.  In  otlier  cases  the  whole  h 
is  absorbed,  but  this  is  extremely  rare.  The  Warren  Museum  < 
tains  the  arm  of  a  grocer,  whom  the  writer  remembers  to  have  s< 
whose  humerus  was  entirely  absorbed  after  fracture.  The  causes  I 
combine  to  produce  non-union  in  bone  do  not  appear  to  be  urn 
stood  thoroughly.  The  period  of  life  at  which  an  ununited  fracl 
is  commonest  is,  according  to  Brims,  between  thirty  and  forty  ye 
The  chances  of  union  during  old  age  appear  to  be  much  more  fa< 
able  than  has  generally  been  supposed.  Individual  peculi 
probably  as  much  to  do  with  the  development  of  pseudarthrosi 
any  other  factor.      Among  the  constitutional  causes  mentione 

t  favoring  non-union  are  pregnancy,  syphilis,  scurvy,  and  diabe 
It  is  probable,  however,  that  pregnancy  exercises  but  little  it 
ence  one  way  or  another  on  the  repair  of  bone.  In  syphilis  it  i 
the  later  stages  of  the  disease  only  that  delayed  union  is  observ 

•  Local  causes  may  materially  contribute  to  the  chances  of  t 
union.  Compound  fractures  supply  twice  as  many  cases  of  r, 
union  as  simple  fracture.  The  displacement  of  the  fragments 
the  presence  of  anatomical  structures  between  the  ends  of  the  be 
such  as  muscle,  tendon,  nerve,  or  portions  of  the  articular  eapsi 
are  conditions  that  seriously  interfere  with  union.  Imperfect  fi 
tion  of  the  fragments  is  also  a  fertile  source  of  failure  of  the  bo 
to  unite.  The  femur  and  humerus,  being  single,  are  for  this  reas 
more  likely  to  be  the  seat  of  ununited  fracture  than  bones  wbi 
are  steadied  by  the  presence  of  another  bone.  Unskilful  treattne 
is  not  so  frequent  a  cause  of  non-union  as  is  supposed,  but  it 
more  likely  to  be  followed  by  deformity  at  the  seat  of  fracture. 
Heating  of  Arteries. — When  the  trunk  of  a  large  artery 
wounded  an  abundant  hemorrhage   occurs   from  the   cut  in  t 

•  vessel-wall    into   the   surrounding   tissues.     If  there   is   no  op 
wound   in   the    integuments,    a   large    and    tense    hematoma 
formed.     The  blood  coagulates  not  only  outside  the  vessel,  t 
also  in  the  wound  in  its  wall   and   in   the  interior  for  a  g: 
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lussci  distance.  Bleeding  is  thus  arrested  and  the 
processof  repair  soon  begins.  As  the  clot  is  gradu- 
bsorbed  there  is  formed  granulation  tissue, 
which  seals  up  the  line  of  incision  in  the  wall  of 
the  artery.  The  clot  serves  as  a  temporary  pro- 
tection against  hemorrhage,  but  it  is  soon  absorbed, 
and  the  cicatrix  which  has  meanwhile  formed  is 
composed  of  connective  tissue  only,  and  when  sub- 
jected to  arterial  pressure  is  distended  until  an 
aneurismal  sac  is  formed. 

When  a  ligature  is  placed  around  a  large  artery 
•■•imnit\\   the  blood-current  is  permanently 
arrested,  and  it  is  possible  for  a  durable  cicatrix 
to  be  developed  capable  of  resisting  any  strain 
that  blood-pressure  can  bring  to  bear  upon  it. 
When  the  knot  is  firmly  tied   the  intima  and  a 
variable  portion  of  the  media  are  ruptured,  and  the 
adventitia  is   gathered    into    a    dense    tendinous 
ill  nround  the  constricted  ends. 
The  earliest  change  noticed  is  the  formation 
of  thrombi,  the   distal    thrombus    usually  being 
liter  than    the   proximal.     The  size   of    the 
thrombi  varies   greatly.      In    aseptic    operations 
they  are  exceedingly  small,  but  they  were  pres- 
ent in  all  cases  examined  by  the  writer;  in  fact, 
a  ihrombus  was   seen  in  the   ductus  arteriosus 
'ie  new-born  infant,  where  local  sepsis  was 

improbable. 
During  the  first  two  days  granulation  tissue 
forms  about  the  point  of  ligature  and  for  some 
nee  above    and    below.      This    tissue    also 
varies  with   the   amount  of  traumatism;    it   is, 
sufficient  in  all  cases  to  bury  the  knot. 
If  there  is  much  trauma  or  if  the  wound  becomes 
septic,  the  amount  of  this  surrounding  inflamma- 
tissue  is  increased  and  a  callus  of  consider- 
able size  is  formed,  which  protects  the  vessels 
from  the  dangers  of  hemorrhage  (Fig.  59). 

repair   progresses  favorably,   presently   the 

is  seen  invaded  by  leucocytes  in  the 

!;orhood  of  the  ligature,  and  the  infiltration 

Vfa  penetrate  the  thrombi.     The  solvent  action 
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Fig.  59,— Carotid  Ar- 
tery of  Horse  two 
weeks  after  ligature. 
A  callus  surrounds 
the  ends  of  the  ves- 
sel, between  which 
the  knot  may  be 
seen.  The  pi 
of  repair  in  the  ar- 
terial wall  Ins  nut 
yet  begun  (specimen 
104S,  Warren  Mu- 
seum). 

goes  sufficiently 
of  this  granula- 
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tion  tissue  gradually  disintegrates  the  bundles  of  fibres  surrou: 

by  the  ligature,  and  the  two  ends  of  the  vessels  separate  from 

another,   leaving  the  knot  imbedded  in  the  centre  of  the  ca 

The  ends  of  the  vessels,  once  released  from   the  ligature,  b 

to  expand,  and  the  granulation  tissue  penetrates  freely  into 

thrombi.      Conditions    are    now   reached   closely   resembling 

repair  in  fractures  which  have  just  been   studied.      There  i 

this  stage  both  an  external  and   an   internal   callus.     With 

development  of  the  granulation  tissue 

blood-vessels  are  formed,  which  spring  : 

the  vessels  surrounding  the  ligature:  t 

grow  into  the  thrombi  with  the  gra; 

tissue,  and  the  thrombi  are  then  said  to  ' 

become  "organized."    The  granulations 

develop  in  this  way  form  irregular  mass* 

new  tissue  with  spaces  between  them,  wl 

when  the  superjacent  clot  is  absorbed, 

come  blood-spaces  communicating  with 

lumen  of  the  vessel.     These  spaces  in  I 

turn  communicate  with  the  new  capillari 

the  granulation  tissue.      This  completer 

first  stage  of  the  healing  process.     In  art 

of  considerable  size  this  stage  is  compl 

by  the  fourth  or  fifth  week  (Fig.  60). 

The  provisional  structures  are  now 
ually  absorbed,  and  as  tliey  disappear 
found  that  the  walls  of  the  artery  have 
been  inactive.  A  growth  has  taken  pla< 
the  Ultima  at  an  early  stage  of  the  pro 
and  many  of  the  wandering  cells  foun 
the  clot  come  from  this  layer.  As  the 
and  the  internal  callus  disappear  thei 
found  a  permanent  cicatrix,  which  close; 
ends  of  the  vessel.  This  cicatrix  varie 
shape  according  to  the  presence  or  th< 
sence  of  large  arterial  branches.  Whe 
branch  is  present  it  has  the  shape  of  a  < 
cent,  the  horns  of  which  project  symme 
ally  along  the  inner  walls  of  the  vessel.  If  the  branch  is  g 
off  on  the  side,  the  horn  on  that  side  is  short,  reaching  onl; 
the  point  of  junction,  while  the  horn  on  the  other  side  proj 
much  farther  into  the  vessel,  thus  so  narrowing  its  lumen  a 


vessel  have  opened  and 
the  provisional 
grown  into  the  throml  u 
Between  the  entls  is  i tit- 
ligature  sinus  (Specimen 
1048-1,  Warren  Museum}. 


lumen  a 


allow  it  to  taper  gradually  toward  the  mouth  of  the   collateral 
branch. 

The  cicatrix,  wheu  fully  developed,  consists  of  three  layers. 
The  inner  layer  is  composed  of  endothelium  formed  iu  the  way 
already  described;  below  this  is  a  layer  of  muscular  cells,  devel- 
oped by  a  proliferation  of  the  cells  of  the  media,  and  outside  of  all 
is  a  connective-tissue  cicatrix,  evidently  formed  by  the  outer  walls 
of  the  vessel.  There  isT  then,  in  the  permanent  cicatrix  a  reproduc- 
tion of  the  three  walls  of  the  vessel.  When  the  cicatrix  has  fully 
formed  the  provisional  tissue  is  absorbed,  and  in  its  place  is  found 
i  cord  uniting  the  two  ends  of  the  vessel.  The  mass  of  new  ves- 
sels formed  in  the  cal- 
ilsodisappeared, 
Astnall  ceutral  vessel  is 
usually  seen  penetrat- 
ing the  cicatrix  from 
the  lumen  and  anas- 
tomosing with  a  sys- 
tem of  capillaries  sur- 
rounding  the  end  of  the 
arterial  stump  (Fig. 
61).  In  large  cica- 
trices, which  sometimes 
extend  a  considerable 
uto  the  ves- 
sel, this  central  arte- 
riole may  be  branched 
or  tortuous,  and  may 
give  to  the  cicatricial 
tissue  a  " cavernous" 
appearance. 

The  formation  of  a 
muscular  cicatrix  is 
generally  denied,  but 
the  writer,  ha  vi  ng  made 

extensive        researches      Fig.  61.— Femoral  Artery  of  Man  three  months  afler  liga- 

HpOfl  this  point    is  COll-  ture,  proximal  end,  termination  of  healing  process.    The 

VWCetf  t  \->   t       *»     <■.«-,.  1  cicatrix,  composed  partly  of  muscular  cells,  is  penetrated 

u  l  1  Tat  q  muscular        .  ,,         ,     _.  .  ._     _.  ,  , .  . 

ClCatr'  -j  1  j  y  a  sma"  ve5Se'-      Below  is   the   fibrous   tissue  which 

_      nK      is    developed.  unites  lhe  pr0JCjmal  lo  the  distal  end. 

^ason  why  it  has 

°^*^i  found  is  easily  explained.    The  process  of  permanent  cica- 

"«*3fca  is  so  slow  that  investigators  have  examined  specimens  at 


too  early  a  period.  The  process  requires  a  period  of  time  varying 
from  two  to  six  mouths,  or  even  longer,  for  its  completion,  accord- 
ing to  the  size  of  the  vessel.  Unstriped  muscular  cells  proliferate 
much  more  frequently  than  is  usually  supposed.  A  pin  siu logical 
example  of  this  is  seen  in  the  uterus,  and  every  wound  that  unites 
involves  a  reproduction  of  these  cells  whenever  new  arterioles  are 
formed. 

Some  writers,  as  Senn,  and  Ballance  and  Edwards,  advise  the 
application  of  two  ligatures  to  arteries  of  the  largest  calibre  when 
tied  in  continuity.  They  must  be  drawn  tight  enough  to  approx- 
imate the  walls  without  rupturing  them.  The  object  of  this 
manoeuvre  is  to  diminish  the  danger  of  secondary  hemorrhage. 
When  the  ligature  is  applied  in  this  way  the  ends  of  the  vessels  do 
not  separate  at  once,  but  the  vessel  remaius  as  an  obliterated  cord. 
It  is  probable,  however,  that  the  granulation  tissue  works  its  wav 
into  the  interior  of  the  vessel  in  the  manner  already  described. 
This  process  is  clearly  shown  in  the  illustrations  given  by  Ballance 
and  Edwards  in  their  admirable  work.  There  is,  therefore,  no 
essential  difference  in  the  process  of  repair  under  these  circum- 
stances. The  walls  of  the  vessel  at  the  point  of  ligature  are 
absorbed  more  slowly,  however,  and  traces  of  them  probably 
remain  here  and  there  in  the  cord  uniting  the  two  ends  of  the 
vessel. 

The  old  idea  that  the  thrombus  was  organized  is  now  so  gener- 
ally abandoned  that  it  is  unnecessary  here  to  discuss  the  question. 
The  role  of  the  thrombus  is  protective.  In  aseptic  cases  it  is 
reduced  to  a  minimum.  In  septic  cases  the  whole  length  of  a  long 
trunk  may  be  plugged  by  a  clot. 

After  the  ligature   of  an  artery  in   an  amputation-stump  the 
process  of  repair  goes  on  in  the  manner  described,  but  there 
certain  important  modifications  in  it  to  adapt  the  circulation  of  the 
blood   to  the  new  conditions.      The  main  artery  of  the  stump  so 
contracts   that  its  calibre   is  greatly  diminished.     The  cicatricial 
tissue  which  forms  extends  a  long  distance  into  the  interior  of  the 
vessel,  sometimes  even  throughout  its  whole  extent.     In  thi- 
its   size   is   further  diminished,   so  as   to  adapt  it  to  the  gT» 
diminished    blood -supply    needed    for    the   part.      The    collate 
branches  increase  in  size,  so  that  finally,  instead  of  a  large  vessel 
ending  abruptly  as  a  cul-de-sac  at  the  end  of  an  amputation  stumpy- 
there  is  a  much  smaller  vessel  which  terminates  in  a  large  nunT 
of  branches  distributed  in  various  directions.     This  diminutio 
the  lumen  of  the  main  trunk  is  analogous  to  the  change  whi*- 
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occurs  in  the  hypogastric  arteries  after  birth.  There  is  a  so-called 
" compensatory  endarteritis,'1  which  in  the  new-born  infant  in- 
volves even  the  aorta.  The  changes  seen  after  ligature  in  conti- 
nuity are  analogous  to  those  which  follow  obliteration  of  the  ductus 
arteriosus.  In  both  a  substantial  muscular  cicatrix  is  secured  at  the 
point  of  obstruction  to  the  blood-flow. 

In  closing,  a  word  about  the  ligature.  Scarcely  any  subject  in 
surgery  has  caused  more  discussion.  Ligatures,  usually  of  silk, 
wtlt  at  first  left  with  one  long  end,  so  that  they  could  be  with- 
drawn when  they  had  cut  their  way  through  the  vessel.  This 
method  was  disadvantageous,  as  the  ligature  kept  the  wound  open. 
Acupressure  and  torsion  were  substituted,  but  they  were  soon  sup- 
planted by  animal  ligatures,  which  are  absorbed.  Since  it  has 
been  understood  that  silk  ligatures  can  be  made  aseptic,  they  are 
now  used  by  most  surgeons,  as  animal  ligatures  may  become 
absorbed  too  soon,  and  a  feeling  justly  exists  that  they  are  not  to 
be  relied  upon.  The  proposition  to  apply  two  ligatures  in  such  a 
way  as  to  approximate  the  walls  of  a  vessel  without  rupturing  them 
is  not  likely  to  come  into  general  favor.  This  method  has  not  the 
merit  of  simplicity,  and  by  it  the  dangers  of  suppuration  are 
increased.  If  a  ligature  is  not  firmly  applied,  the  lumen  of  the 
vessel  may  not  be  occluded.  It  is  true  that  there  is  danger  that  the 
first  half  of  the  knot  may  loosen  while  the  second  half  is  being  tied, 
and  tliis  accident  has  occasionally  occurred,  but  its  danger  may  be 
obviated  by  extra  care  in  the  application  of  the  ligature.  The  old 
idea  that  the  inner  coats  must  be  ruptured  should  no  longer 
influence  the  surgeon.  He  should  simply  endeavor  to  place  tlu- 
lijjature  firmly  enough  upon  the  vessel  to  occlude  it.  A  rough 
hempen  or  a  braided-silk  ligature  may  be  needed  to  hold  the  first 
half  of  the  knot  in  the  largest  arteries.  In  all  other  vessels  the 
slipping  of  the  knot  need  not  be  taken  into  account.  Secondary 
hemorrhage  after  the  ligature  of  arteries  in  continuity  has  become 
an  accident  of  extreme  rarity  since  the  introduction  of  aseptic 
siugery. 


X.    GANCxRENE. 


Necrosis  is  the  term  usually  employed  by  pathologists  to  denote 
death   of  a  circumscribed  portion  of  tissue.      This  term  is  com- 
prehensive in  its  significance  and  is  applicable  to  all  forms  of  local 
death.      It  is,  however,   usually  limited  to  death  of  portious  of 
internal  organs  where,  owing  to  the  absence  of  bacteria,  putrefac- 
tion does  not  take  place  and  the  dead  mass  is  absorbed,  new  tissue 
growing  in  from  the  surrounding  parts  to  form  a  cicatrix.     Gan. 
grene  is  a  term  applied  to  death  of  a  part  on  the  surface  of  the  body, 
which  part  is  readily  accessible  to  bacteria,  and  therefore  almost 
invariably  is  accompanied  by  decomposition.     Mortification   and 
sphacelus  are  terms  also  used  to  denote  this  variety  of  gangrene. 
Surgical   custom   has   limited  the  use  of  the  term  ''necrosis 
death  of  bone:  it  will  be  necessary,  however,  to  employ  the  term 
iii  speaking  of  the  death  of  portions  of  internal  organs. 

The  causes  that  produce  death  of  a  part  are  usually  divided  into 
three    groups:    the   first   group    includes    those    causes    which 
directly  upon   the   tissues  by  mechanical   or  chemical  action,  as 
when  a  part  is  crushed  by  violence  or  when  a  powerful  escharotic 
is  applied  to  the  surface  of  the  body;  in  the  second  group 
those  forms  of  gangrene  caused  by  thermic  agencies  (exposure  to  a 
temperature  of  54°-68°  C.  will  produce  death  of  a  part,  and  cold, 
— 16°  d  will  also  bring  about  a  similar  result);  in  the  third  group 
are  those  forms  caused  by  a  deprivation  of  the  nutrition  of  the 
part,  as  when  the  blood-supply  is  cut  off  by  the  obstruction  of  a 
blood-vessel.     Gangrene  may  be  caused  by  the  action  of  bade 
either  through  the  specific  chemical  substances  which  they  liberate, 
or  as  the  result  of  vascular  obstruction  due  to  the  inflamm;. 
process  to  which   they  give  rise. 

A  neuropathic  form  of  gangrene  has  been  described  by  severa^_ 
authors,   who  assume   that   the    injury   of  the   so-called   *'tropl» 
nerves"   is  the  cause  of  death  of  the  part.     The  readiness  wtl 
which  decubitus,  or  bed-sore,  appears  after  injury  to  the  spinal  co-^-^ 
is  strongly  suggestive  of  such  a  theory.     Samuel  calls  attention 
the  fact  that  in  spinal  and  cerebral  affections  the  presence  of  ski  jn 
rubbing  against  skin  may  be  sufficient  to  produce  gangrene,  as 
the  labia  and  the  scrotum,  and  that  large  doses  of  chloral  adrnitif 
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trredto  the  insane  cause  profound  sleep,  during  which  in  one  night 
decubitus  may  be  produced.  It  is,  however,  probable  that  the  com- 
plete immobility  of  the  paralyzed  part  and  the  simultaneous  altera- 
tions m  the  innervation  of  the  nutritive  blood-vessels  are  sufficient 
to  account  for  the  changes  produced,  without  assuming  the  pres- 
ence of  a  special  set  of  trophic  nerves.  Gangrene  may*  however, 
be  caused  by  the  action  of  the  vaso-motor  nerves,  as  will  be  seen 
later.  The  condition  of  the  nutrition  of  the  tissues  is  also  an 
important  factor  in  the  development  of  gangrene.  In  old  and 
feeble  individuals,  in  whom  the  circulation  is  impaired  by  weak 
heart-action  or  as  the  result  of  fever  of  a  low  type,  gangrene  fol- 
lows readily  upon  slight  injuries.  Individuals  affected  with  dia- 
betes or  with  scurvy  are  peculiarly  liable  to  gangrenous  processes. 
The  so-called  **  marasmic  thrombi  M  are  due  usually  to  a  slowing  of 
the  current  and  a  coincident  defect  in  the  walls  of  the  blood-ves- 
hvis  favoring  the  coagulation  of  the  blood. 

One  of  the  first  changes  noticeable  in  the  tissues  after  death  of 
the  part  is  the  disappearance  of  the  nuclei  of  the  cells.  In  some 
esses  chromatin  (or  the  substances  which  take  the  staining  most 
readily)  collects  in  the  form  of  granules,  and  is  removed  from  the 
nucleus  into  the  protoplasm  of  the  cell,  where  it  is  dissolved  and 
pears.  In  other  cases  the  nucleus  itself  loses  its  power  of 
taking  the  staining  fluid,  is  dissolved,  and  disappears.  Such  changes 
are  readily  seen  in  the  epithelium  of  the  kidney  after  embolism  of 
a  vessel:  at  the  same  time  the  affected  tissue  has  a  pale,  cloudy, 
yellowish-white  appearance,  readily  discernible  by  the  naked  eye. 

If  the  necrosed  tissue  contains  substances  capable  of  coagulation 

well  as  the  ferment  necessary  for  coagulation,  and  if  there  are 
no  processes,  such  as  suppuration,  unfavorable  to  this  change,  there 
may  arise  the  condition  described  by  Weigert  as  coagulation- 
necrosis.  This  condition  is  not  unlike  that  which  occurs  when 
blood  coagulates  and  a  thrombus  is  formed.  The  cells  of  the  tis- 
sue become  altered  to  granular  or  hyaline  masses  and  lose  their 
nuclei.  The  intercellular  substance  also  undergoes  a  hyaline 
degeneration.  A  striking  example  of  this  change  is  seen  in  mus- 
:  fibre  when  necrosis  occurs  as  the  result  of  trauma  of  of  toxic 
infection  or  a  bum.  The  connective-tissue  fibres  swell  up  and  run 
ther  as  a  homogeneous  mass.  The  dead  tissues  have  a  gray- 
kb-wbite  color,  or  they  may  be  tinged  a  dirty  brown  by  the 
^Jnixture  of  blood;  a  greenish-gray  color  indicates  the  beginning 
°f  decomposition. 

Recklinghausen  has  observed  the  formation  of  hyaline  thrombi 
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in  the  arterioles,  and  occasionally  in  the  capillary  vessels  of  gan- 
grenous parts.  The  hyaline  masses  appear  homogeneous  and, 
rarely,  slightly  striated,  and  fill  only  partially  the  lumen  of  the 
vessel.  They  appear  to  be  formed  during  the  contraction  of  the 
arteries,  and  to  be  connected  in  some  way  with  changes  in  the 
arterial  wall.  In  some  cases  the  walls  themselves  of  the  capil- 
laries undergo  a  hyaline  degeneration.  These  conditions  have 
been  observed  in  senile  gangrene  following  burns,  and  in  gangrene 
produced  artificially  in  a  cock's  comb  by  the  administration  of 
spurred  rye. 

Gangrene  is  in  many  cases  so  intimately  connected  with  changes 
in  (he  arterial  system  that  it  is  necessary  to  refer  briefly  to  some  of 
the  forms  of  arterial  disease  that  are  liable  to  produce  it.  The  inflam- 
mation of  the  walls  of  arteries  is  almost  invariably  accompanied  by  the 
formation  of  new  tissue — a  condition  which  has  an  important  bearing 
upon  the  circulation  through  the  diseased  channels.      In  the  aorta 
an  inflammation  of  the  intima  is  accompanied  by  the  production 
of  warty,  sometimes  pediculated,  growths  which  project  into  the 
lumen  of  the  vessel.     In  the  small  arteries  this  growth  from  the 
intima   involves  a  vessel   through  a  considerable   portion  of  its 
length,  and  it  may  be  so  extensive  as  to  fill  out  the  greater  part  of 
the  lumen,  producing  a  condition  known  as  obliterating  endart 
lis  (Fig.  62).     This  new  formation  is  developed  chiefly  from  the  en- 
dothelium.   Later,  when 
the   new   tissue  has  de- 
veloped to  a  considerable 
extent,  new  vessels  form 
in  it  which  spring  firaa 
the  vasa  vasornm.    Many 
of  them  also  communi- 
cate   directly    with    the 
lumen  of  the  vessel,      h 
is  by  means  of  these  ves- 
sels, some  of  which  are 
of  considerable  size,  ih 
the  circulation  is  main 
rained.      They    are    n 
mere  blood-channels,  bn 
are  supplied  with 
of  their  own.     In  0 

Fiu,  62.— Tibial  Artery  from  a  case  of  Senile  Gangrene      where      such      extensi 
of  the  Fi*«  (obUtcraiive  endarteritis,  changes  have  taken  pla 
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it  will  be  found  that  also  both  the  middle  and  the  outer  eoats  of 
the  artery  are  involved  in  the  inflammatory  process. 

lu  many  cases  the  inflammation  terminates  in  atheromatous 
degeneration  of  the  walls  of  the  artery.  In  this  case  the  begin- 
ning of  the  process  is  characterized  by  the  formation  on  the  inne 
wall  of  soft  gelatinous  nodules,  which  later  become  of  almost  car- 
tilaginous hardness*  the  result  of  a  growth  from  the  intima.  Later 
the  media  and  the  adventitia  become  involved,  and  there  is  next  dis- 
covered that  degenerative  or  atheromatous  changes  are  beginning, 
and  when  the  nodules  are  laid  open  with  the  knife  they  are  found 
to  contain  whitish  and  yellowish  masses  even  in  their  deepest  por- 
tions. As  these  masses  soften  the  surface  of  the  nodules  becomes 
involved  and  an  atheromatous  ulcer  is  formed.  If,  however,  the 
focus  of  degeneration  is  more  deeply  seated  in  the  wall  of  the 
vessel,  a  cavity  is  developed  containing  fatty  granules,  cholesterin 
crystals,  and  fragments  of  tissue,  forming  the  so-called  u  athero- 
matous abscess"  (Orth).  These  little  abscesses  may  eventually 
break  and  discharge  their  contents  into  the  interior  of  the  vessel. 
Such  craterifonn  ulcers  offer  an  opportunity  for  the  development 
of  a  thrombus.  In  the  heart  or  the  aorta  such  a  clot  would  furnish 
the  point  of  departure  for  an  embolus.  In  the  smaller  vessels 
these  formations  lead  to  the  obliteration  of  the  lumen.  These 
abscesses  may  heal  and  leave  scars.  In  some  of  the  atheromatous 
foci  calcification  may  take  place.  These  calcareous  masses  may  be 
present  in  large  numbers  in  the  aorta  covered  by  epithelium,  or 
they  may  be  found  projecting  from  atheromatous  ulcers.  Their  size 
and  shape  indicate  that  they  have  developed  from  the  calcification 
of  thrombi  which  have  been  deposited  on  the  wall  of  the  vessel. 
When  all  these  various  changes  are  present  in  different  stages  of 
development  there  exists  the  condition  to  which  the  name  "end- 
arteritis deformans"  has  appropriately  been  given. 

The  pathological  changes  produced  in  the  wall  of  the  artery  by 
syphilis,  and  even  by  tubercle,  are  also  sufficient  to  impair  their 
function  of  nutrition.  The  effect  of  the  changes  in  the  arterial 
circulation  must  of  course  be  great.  Occurring  as  they  do  chiefly 
in  advanced  life,  they  are  accompanied  by  great  enfeeblement  of 
the  circulation  at  the  extremities.  If  the  arterial  disease  has  been 
in  the  smaller  vessels,  the  diminution  of  the  force  of  the  circula- 
tion is  gradual,  and  absolute  cessation  is  finally  brought  about 
either  by  the  formation  of  a  small  thrombus  or  by  some  slight 
injury,  The  arterial  supply  being  cut  off,  no  fluid  is  brought  to 
the  dead  part,  and  the  veins,  being  unobstructed,  have  not  retained 
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any  venous  blood  in  the  part,  consequently  the  part  becomes  grad- 
ually dried  by  evaporation  and  the  form  known  as  "dry  M  or  senile 
gangrene  is  produced.  The  coloring  matter  of  the  retained  blood, 
being  diffused  through  the  dead  tissues,  imparts  to  them  the  cha- 
racteristic dark  color  of  this  form  of  gangrene.  The  dried  tissues 
eventually  become  hardened  to  a  leather-like  consistency;  hence 
the  term  mummification. 

When  there  is  sudden  arrest  of  the  arterial  circulation  or  death 
of  the  part  through  venous  obstruction,  there  exists  the  condition 
known  as  moist  gangrene.  Bacterial  infection  soon  brings  about 
decomposition,  during  which  gases  are  often  developed,  producing 
emphysema  of  the  tissues.  The  blood-corpuscles  are  soon  broken 
up  and  dissolved,  and  the  cells  become  cloudy,  lose  their  nuclei, 
and  break  down.  The  striations  of  muscular  fibre  disappear,  aud 
the  mucin  of  the  nerve-fibres  runs  into  drops.  Kat-cells  become 
disorganized,  and  drops  of  fat  are  mingled  with  the  swollen  and 
softened  fibres  of  connective  tissue.  In  this  way  the  tissues  grad- 
ually become  dissolved. 

While  these  changes  are  going  on,  the  surrounding  healthy 
tissue  undergoes  a  reactive  inflammation,  due  to  the  putrefactive 
changes  which  are  developing  in  the  gangrenous  part  A  red  line 
of  inflammation  is  formed  at  the  point  where  the  gangrene  has 
ceased  to  spread,  and  the  dark,  discolored  dead  masses  stand  out  in 
strong  contrast  to  the  bright-red  color  of  the  inflamed  tissues  about 
them.  In  this  way  the  so-called  u  line  of  demarcation  "  is  formed. 
When  suppuration  takes  place  the  dead  tissue  becomes  separated 
from  the  living,  aud  the  gangrenous  tissue  is  in  this  way  event- 
ually liberated. 

In  necrosis  of  internal  organs,  of  which  infarction  of  the  kid- 
neys or  of  the  lungs  is  an  example,  there  is  rarely  bacterial  infec- 
tion, and  suppuration  does  not  take  place.  There  is,  of  course,  no 
line  of  demarcation  in  such  cases,  but  the  living  tissues  gjow  into 
and  replace  the  dead  substance,  which  is  gradually  absorbed. 

Senile  gangrene  occurs  most  frequently   in   people   over  fifty 
years  of  age,  and  is  caused,  as  before  stated,  by  arterial  disease. 
Death  of  the  part  may  take  place  from  a  thrombosis  of  the  small 
vessels  or  in  the  arteries  leading  to  it,  or  it  may  be  due  to  an  embo-  - 
lus.     The  immediate  cause  of  gangrene  is  often  a  weakening  of  tb^ 
heart's  action  in  an  individual  in  whom,  owing  to  the  conditi 
mentioned,  the  peripheral  circulation  is  already  very  feeble.     ^ 
slight  injury,  like  the  bruising  of  the  foot  or  even  a  "hang-nail^ 
may  be  the  starting-point  of  the  disease. 


The  part  most  frequently  attacked  is  the  foot,  one  or  several  of 
the  toes  being  affected,  it  being  extremely  rare  to  find  the  disease- 
in   the  upper  extremities.     The  earliest  symptom  is  redness  and 
swelling  of  one  of  the  toes,  accompanied  sometimes  with  consid- 
erable  pain.     This   condition   is  very  apt  to  be   mistaken    for  an 
attack  of  gout.     The  characteristic  discoloration,  however,  appears 
and  settles  the  diagnosis.      It  usually  involves  the  whole  toe,  but 
does  not  spread  beyond.     A  line  of  demarcation  forms  at  the  meta- 
tarso- phalangeal   articulation,  and    the   toe  shrinks  or  it  becomes 
coal-black  in  color,  and  the  integuments  become  dry  and  wrinkled, 
and  sometimes  almost  as  hard  as  wood.     The  pain  has  by  this  time 
ceased,  and  the  patient's  general  condition  may  not  be  materially 
affected.     In  favorable  cases  the  toe  is  gradually  separated  and  falls 
off,  and  the  wound  heals  by  granulation.     In  many  cases,  however, 
the  attempt  of  nature  to  form  a  line  of  demarcation  fails  and  the 
gangrene  spreads  to  one  or  more  adjacent  toes.     The  surrounding 
tissues  are  now  in  a  state  of  inflammation,  as  there  is  more  or  less 
decomposition  in  the  gangrenous  part,  owing  to  the  presence  of 
bacteria,  and   their  bright-red   color  is  in  strong  contrast  to  the 
blackened  toes.      If  the  gangrene  does  not  spread,  a  line  of  demar- 
cation forms  along  the  border  of  the  dead  part,  but  the  disturbing 
inftuences  of  septic  inflammation  are  in  many  cases  sufficient  to  con- 
tinue the  process.     Many  of  the  bacteria  form  substances  having  an 
escharotic  action  upon  the  adjacent  tissue,  aud  the  nutrition  of  the 
neighboring  parts  must  be  in  good  order  to  enable  the  tissue  to  re- 
VVhen  gangrene  has  once  reached  as  far  as  the  dorsum  of 
the  foot,  the  prognosis  becomes  very  grave,  and  the  patient,  after 
nature  has  made  several  vain  attempts  to  form  a  line  of  demarca- 
tion, dies  of  exhaustion  at  the  end  of  a  prolonged  illness.     In  such 
cases  as  this  it  usually  will  be  found  at  the  autopsy  that  the  tibial 
arteries  have  been  involved  in  an  obliterating  inflammation  or  that 
their  walls  are  rigid  aud  atheromatous.     There  is,  therefore,  the 
-er  that  the  gangrene  may  also  involve  the  leg  as  far  as  the 
fcnee,  and  this  is  occasionally  the  case  where  an  extensive  throm- 
bus has  formed  throughout  the  length  of  these  vessels,  extending 
n  into  the  popliteal  and  femoral  arteries. 

-Haidenhain,   in   a  careful   examination   of  a  number   of  legs 

**>pulated   for  senile  gangrene,    found   evidences   of  thrombosis 

ei" tlier  of  the  femoral  artery  or  of  its  branches.     In  n  out  of  20 

•^^es  there  was  almost  complete  obliteration  of  the  larger  vessels 

by     old  thrombi,  many  of  which  had  already  become  organized. 

4-ocording  to  this  writer,  thrombi  form  at  the  point  of  bifurcation 
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of  the  popliteal  and  fill  the  tibials  in  their  whole  length.     Such 
thrombi  were  found  quite  often  in  diabetic  cases. 

Gangrene  of  the  foot  and  leg  combined  is,  however,  more  often 
due  to  embolism  than  thrombus.  Here  the  onset  is  more  acute,  and 
generally  occurs  in  an  individual  who  has  had  signs  of  previously 
existing  heart  or  arterial  disease.  The  first  symptom  may  be  a  sharp 
pain  in  the  foot  and  the  calf  of  the  leg,  and  when  seen  early  the  af- 
fected portion  of  the  limb  is  blanched  and  cold  and  pulsation  in  the 
tibial  artery  is  absent  Such  a  group  of  symptoms  in  an  individual 
with  a  history  of  cardiac  disease  places  the  diagnosis  beyond  a  doubt. 
The  most  frequent  point  of  lodgment  of  such  an  embolus  is  the 
bifurcation  of  the  popliteal  artery.  A  thrombus  forms  immediately 
upon  the  proximal  side  of  the  embolus,  and  the  femoral  artery  may 
be  obliterated  for  a  considerable  portion  of  its  length.  The  follow- 
ing cases  of  embolism  of  the  popliteal  artery  will  serve  to  illustrate 
the  clinical  features  of  this  affection: 

In  one  case,  a  hospital  patient,  the  leg  was  removed  just  Itelow  the  knee- 
joint,  and  the  patient  made  a  good  recovery.  In  another  case  embolism 
occurred  in  a  patient  affected  with  heart  disease  after  a  very  exhausting  polit- 
ical campaign.  The  limb  when  first  seen  was  old  and  pulseless  :  the  patient 
hi  1  suffered  a  great  deal  of  pain  for  twenty-four  hours.  The  pulse  was  rapid 
and  intermittent  and  the  general  condition  of  the  patient  was  bad.  Ampu- 
tation was  performed  on  the  third  day,  after  an  attempt  had  been  made  to 
improve  the  patient's  strength.  By  this  time  the  limb  had  become  discolored  " 
I'm  some  distance  above  the  ankle,  but  the  muscles  and  the  skin  of  the  calf 
still  retained  a  natural  color.  Amputation  was  performed  at  the  lower  third 
of  the  thigh,  sad  the  vessels  were  found  plugged  with  thrombi,  so  that  there 
was  a o  hemorrhage.  A  large  fresh  thrombus  projected  from  the  femoral 
artery,  and  it  seemed  to  extend  into  the  vessel  for  a  long  dist  i  < .  Slight 
sloughing  of  the  flaps  and  connective  tissue  of  the  interior  of  the  wound 
occurred  a  few  days  later,  but  the  sloughs  eventually  separated  and  were 
replaced  by  healthy  granulations.  A  week  after  the  operation  a  sharp  pain 
occurred  in  the  chest,  with  a  rise  of  temperature,  followed  by  the  expectora- 
tion of  a  dark  clot,  indicating  the  development  of  an  infarction  of  the  lung. 
The  patient  died  three  months  later  of  an  infarction  of  the  spleeu,  which  sup- 
purated, a  large  abscess  being  found  in  this  region  at  the  autopsy. 
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Embolism  of   the  brachial  artery  may  also  occur,  but  not 
frequently  as  in  the  femoral  artery  and  its  branches. 

Treatment.— \\\  the  mildest  cases  of  senile  gangrene,  when  one 
toe  only  is  involved,  it  is  advisable  to  refrain  from  interference-^ 
The  metatarsophalangeal  articulation  lies  deep,  and  meddlesome^ 
surgery   may  cause  the  gangrenous   process  to  extend.     In  I 
student  days  of  the  writer  this  old  surgical  rule  existed — namelv^- 
that  in  spontaneous,  or  idiopathic,  gangrene,  as  it  is  often  caJle 


the  surgeon  should  wait  for  the  line  of  demarcation,  but  that  in 
traumatic  gangrene  he  should  amputate  at  once. 

The  mortality  following  conservative  treatment  in  senile  gan- 
grene was,  however,  so  large  that  the  old  rule  has  been  abandoned, 
and  it  is  now  advised  by  the  best  authority  to  interfere  as  soon  as 
it  is  evident  that  there  is  not  sufficient  power  to  form  a  line  <>f 
demarcation.  A  good  rule  tu  follow  is  to  advise  amputation  as 
soon  as  the  gangrene  has  invaded  the  sole  or  the  dorsum  of  the 
foot,  for  it  is  then  liable  to  spread  with  much  greater  rapidity. 
The  point  at  which  amputation  should  be   performed  is  a  ques- 

B  about  which  authorities  differ.  As  lias  been  seen,  the  tibial 
arteries  are  usually  diseased  in  their  entire  length,  and  the  circu- 
lation in  them  is  therefore  almost  always  more  or  less  diminished. 
For  this  reason  many  surgeons  prefer  to  amputate  above  or  below 
knee-joint;  that  is,  at  a  point  well  removed  from  the  region 
of  the  disease.  In  one  case  the  writer  operated  with  good  results, 
oa  a  feeble  individual  who  had  diabetes,  at  the  middle  of  the  leg, 
but  if  the  strength  of  the  patient  will  bear  it,  it  is  better  to  ampu- 
tate at  the  lower  third  of  the  thigh. 

Before  undertaking  to  interfere  surgically  it  is  well  to  ascertain 
the  probability  of  similar  processes  occurring  in  other  portions  of 
the  body,  as  the  following  case  will  show: 

A  man  fifty  years  of  age,  but  in  appearance  much  older,  entered  the 
hospital  with  gangrene  of  the  great  toe  and  a  portion  of  the  same  foot.  He 
bad  injured  it  two  months  before  in  very  cold  weather  The  leg  was  ampu- 
tated a  few  days  later  at  the  point  of  election.  The  patient  recovered  from 
Uk  operation  and  the  wound  healed  well  during  two  weeks,  but  he  died  on 
the  seventeenth  day  after  three  days  of  severe  illness.  At  the  autopsy  there 
wt*  found,  in  addition  to  an  obliterating  endarteritis  of  the  tibial  arteries 
with  calcification,  obliteration  of  the  splenic  artery,  thrombosis  of  the 
Jplrnic  vein,  and  an;emie  necrosis  of  the  liver  and  spleen.  The  immediate 
CMttc  of  death  was  thrombosis  of  the  femoral  vein  and  pulmonary'  artery. 

The  amount  of  disease  in  this  case  was  such  as  to  make  it 
doubtful  whether  an  amputation  should  have  been  attempted 
with  much  hope  of  success.  In  case  a  conservative  treatment 
is  decided  upon,  careful  attention  should  be  given  to  the  patient's 
general  condition.     Cardiac   tonics  and   a  nourishing  diet  with 

DakntS  are  indicated.  The  parts  should  be  kept  in  as  anti- 
septic a  condition  as  possible,  and  every  opportunity  should  be 
given  to  the  gangrenous  toes  to  become  mummified.  In  case  of 
embolism  an  effort  should  be  made  to  save  the  limb.  The  parts 
should  be  elevated  slightly  to  favor  venous  circulation,  and  be 
encased  in  warm  cotton,  care  being  taken  to  avoid  all  constriction 
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of  the  circulation  by  the  dressings.  When  once  the  diagnosis 
and  the  extent  of  the  gangrene  are  established,  the  sooner  ampu- 
tation is  performed  the  better. 

A  condition  very  closely  allied  to  senile  gangrene  is  that  known 
as  diabetic  gangrene  (PL  III,),  which  occurs  also  iu  elderly  indi- 
viduals.     It  is  important,   therefore,    that   the   condition   of  the 
urine  should  be  carefully  determined  in  all  cases  of  senile  gan- 
grene.      The   picture   of    the    disease  so  closely   resembles   that 
already   given    that   there   is  little   to   add   to  it.     Furuncle  and 
carbuncle,   bed-sores,   pneumonia,    abscess,  and   gangrene  of   the 
lungs  also  occur  in  diabetic  patients.     Diabetic  individuals 
surgical  operations  so  poorly  that  in  general  it  is  the  custom 
advise  against  operations  iu  persons  affected  with  this  conditio! 
of  the  system.     The  writer  would  not,  however,  hesitate  to  advis 
amputation  in  a  case  of  spreading  gangrene. 

A  gentleman  sixty  years  of  age  applied  to  the  writer  for  treatment 
gangrene  of  the  third  toe  of  the  left  foot.  The  right  leg  had  been  amp^  ^ 
luted  two  years  previously  for  gangrene.  There  was  found  well-mark«^^ 
diabetes,  and  when  the  gangrene  began  to  spread  to  the  foot  amputati  x>^ 
was  performed  in  the  middle  third  of  the  leg  with  a  successful  result.  Th^j-^ 
was  marked  atheroma  of  both  tibial  arteries.  By  careful  attention  to  <lfP ^ 
the  patient  recovered  his  strength,  and  when  seen  by  the  writer  a  year  oe— 
two  later  appeared  lo  be  in  excellent  health. 

Haidenhain  in  a  recent  article  undertakes  to  show  that  gan- 
grene in  diabetes  is  due  to  arterio-sclerosis  of  the  vessels,  as  in 
senile  gangrene,  and  advises  amputation  at  the  thigh  as  soon  as 
the  gangrene  has  invaded  the  sole  or  the  dorsum  of  the  foot. 
13  cases  of  amputation  below  the  knee,  including  disarticula- 
tion of  toes,  Chopart's  and  Usfranc's  amputations,  and  amputa- 
tion of  the  leg,  only  2  recovered;  2  cases  died  from  gangrene  of 
the  flaps,  and  later,  iu  9  cases,  amputation  was  made  at  or  above 
the  knee.  Of  27  primary  and  secondary  operations  above  the 
knee,  19  cases  were  cured  and  8  died  of  diabetic  coma.  In  none 
of  these  cases  did  the  condition  of  the  wound  appear  to  be  the 
cause  of  death.  Haidenhain  advises  the  cutting  of  very  shallow 
flaps. 

It  is  customary  to  describe  moist  gangrene  as  a  separate  varietv. 
but  many  cases  of  senile  gangrene  may  be  moist,   this  conditio*- 
depending  in  such  cases  on  the  rapidity  with  which  the  diseases 
has  established  itself  and  on  the  amount  of  tissue  involved.     ___ 
frequent  cause  of  moist  gangrene  is  injury  to  the  large  vessels  bzr^ 
gunshot  wounds  or  the  complications  which  result  from  fract 
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Traumatic  gangTene  is  almost  always  of  the  moist  variety.  Gan- 
grene of  this  type  may  occur  also  from  acute  inflammation  and 
from  burns  and  frost-bite.  Obstruction  to  the  venous  circula- 
tion from  thrombosis  or  from  pressure  by  bandages  or  dressing 
will  retain  the  fluids  of  the  body  in  the  part  and  prevent  any 
tendency  to  mummification.  As  examples  of  venous  obstruction 
there  may  be  cited  strangulated  hernia  and  severe  forms  of  para- 
phimosis. The  sloughing  of  flaps  after  an  amputation  for  injury 
is  also  an  example  of  moist  gangrene. 

The  characteristic  appearances  of  the  traumatic  form  of  moist 
gangrene  are  beet  seen  after  an  injury  to  some  large  vessel,  such  as 
the  popliteal  or  the  brachial  artery  (PI.  IV.).  For  the  first  twenty- 
hours  it  is  doubtful  whether  the  limb  will  live  or  not.  Pul- 
sation of  the  tibial  (if  the  lower  extremity  is  the  injured  member) 
B  wanting  from  the  beginning.  The  limb  is  blanched  and  is 
colder  than  the  opposite  limb.  The  patient,  who  has  suffered 
from  the  pain  of  the  original  lesion,  is  relieved  of  pain  with  the 
approaching  death  of  the  limb;  and,  inasmuch  as  he  is  still  able 
to  move  his  toes,  he  fails  to  appreciate  the  grave  nattire  of  his 
injury. 

The  skin  discoloration  which  begins  at  the  end  of  twenty-four 
hours  is  usually  a  symptom  that  may  be  relied  upon  as  character- 
but  extensive  ecchymosis  may  sometimes  give  a  misleading 
impression.     The  writer  well  remembers  a  case  of  frost-bite  where 
the  greater  portion   of  both  feet  were   of  a  coal-black  hue:   he 
obtained  the  patient's  consent  to  a  double  amputation  above  the 
ankle,  but  at  the  moment  of  the  administration  of  ether  doubts 
to  the  propriety  of  operating  determined  him  to  wait  another 
ay.    The  patient  eventually  escaped  with  the  loss  of  one  or  two 
toes  of  each  foot. 

The  irregular  distribution  of  color  shows  that  the  circulation 
has  been  greatly  impeded,  and  livid  spots  alternating  with  an 
Unusual  pallor  are  more  certain  indications  of  approaching  gan- 
grene. When  decomposition  sets  in  a  greenish  tinge  is  added  to 
the  variegated  coloring  of  the  limb.  The  part  now  becomes 
swollen  and  of  a  soft,  unnatural,  pulpy  consistency.  Pressure 
fails  to  bring  about  a  paleness  of  the  skin  with  a  subsequent 
Tetum  of  color.  Blisters  filled  with  a  bloody  serum  form  upon 
the  surface.  The  swelling  and  discoloration  are  partly  due  to 
increased  blood-pressure  in  some  of  the  vessels  of  the  part,  for 
there  is  still  a  limited  circulation  in  the  veins  even  when  mortifi- 
cation has  set  in.    At  this  period  there  is  an  entire  loss  of  sensation 


in  the  part,  and  the  patient  will  bear  the  prick  of  the  scalpel  I 
out  flinching.  In  many  cases  it  is  only  by  some  such  demonstr. 
as  this  that  he  is  convinced  that  there  is  no  longer  need  of  an 
attempt  to  save  the  leg.  In  favorable  cases  the  gangrene  is  con- 
fined to  the  injured  part,  and  in  this  case  a  line  of  demarcation 
forms,  but  even  before  this  line  shows  itself  it  becomes  evi 
from  the  contrast  between  the  white  healthy  skin  and  the  swollen 
and  discolored  tissues  that  the  gangrene  will  uot  spread.  The  color 
deepens  in  hue,  and  becomes  eventually  either  dark  green  or  coal 
black.  The  tendency  of  the  deeper  parts  to  soften  is  very  marked, 
and  muscular  tissue  soon  becomes  reduced  to  the  consistence  of  a 
brick-dust  paste.  Tougher  tissues,  like  tendinis,  retain  their  form 
much  longer,  and  bone  is  rarely  altered  by  the  gangrenous  process 
When  the  putrefactive  changes  are  more  acute,  the  chemical 
changes  are  probably  brought  about  by  more  malignant  forms  of 
bacteria,  as  the  streptococcus  or  malignant  oedema  bacillus.  The 
saprogenic  organisms  also  play  a  prominent  r61e.  In  such  cases 
the  gangrene  readily  spreads,  and  it  is  accompanied  by  the  forma* 
tion  of  gases  which  spread  through  the  loose  tissue  in  advance  of 
the  disease.  These  gases  consist  of  ammonia,  sulphide  of  ammo- 
nium, sulphuretted  hydrogen,  and  volatile  fatty  acids.  In  the  foul, 
discolored,  and  greasy  fluids  that  ooze  from  the  wound  there  are 
found  leucin,  tyrosin  and  fat-crystals,  crystals  of  triple  phosphate, 
and  clumps  of  dark  pigment.  The  gangrene  rapidly  spreads,  and 
while  the  patient  is  endeavoring  to  make  up  his  mind  to  the  loss  of 
a  foot  the  whole  limb  may  be  destroyed.  The  changes  of  color  in 
the  skin  are  rapid  and  striking  in  their  effects.  The  part  is  dark 
green  or  black,  the  leg  a  livid  bronze  color,  and  streaks  of  green 
and  bronze  run  in  long  narrow  bands  up  the  thigh.  The  constitu- 
tional disturbance  is  profound.  The  patient  suffers  from  acute  sep- 
ticaemia; there  are  collapse  with  a  small  and  frequent  pulse,  rapid 
respiration,  profuse  perspiration,  and  choleraic  discharges  from  the 
bowels.  The  citation  here  of  a  few  cases  will  serve  to  indicate  tli 
grave  nature  of  the  affection : 
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A  man  was  shot  through  the  leg  by  a  discharge  from  a  fowling-piece,  th. 
posterior  tibial  artery  being  lacerated  in  its  lower  third.  Pulsation  could  i 
be  felt  in  the  artery  at  the  ankle-joint.  An  attempt  was  made  to  save  tlr-^ 
limb.  On  flit?  third  clay  the  foot  became  gangrenous,  and  the  disease  spre^^j 
so  rapidly  that  twenty-four  hours  later  amputation  at  the  junction  of  t^^fcu 
middle  and  upper  third  of  the  thigh  failed  to  save  his  life.  The  whole  h'r^^b 
was  in  a  state  of  acute  putrefaction,  being  distended  with  -jas  and  cmitting^gj 
foul  odor.  The  skin  presented  a  variegated  coloring  of  green,  brown,  bronw 
and  black. 
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An  elderly  woman  addicted  to  the  use  of  alcohol  fell  and  sustained  a  com- 
pound Colics'  fracture,  the  sharp  edge  of  the  shaft  of  the  radius  piercing  the 
radial  artery.  When  seen  a  few  d.ivs  later  the  arm  was  swollen  above  the 
elbow  and  was  greatly  discolored  ;  the  hand  was  closed,  claw-like,  and  greatly 
iwollcn.  A  foul  discbarge  oozed  from  the  wound.  Amputation  was  performed 
illbe  middle  of  the  arm.  The  softer  tissues  of  the  gangrenous  portion  were 
almost  completely  macerated.     The  patient  made  a  good  recov 

\  boy  Is  fi  b  of  age  sustained  a  fracture  of  the  bones  of  the  forearm 

while  trying  to  vault  over  a  bale  of  goods.    The  patient  was  brought  into  the 
•ul  ■  few  days  later  with  the  forearm  in  splints  and  in  a  gangrenous  con- 
iv  The  next  day  the  ami  wis  much  swollen  and  discolored,  and  of  a  deep 
hroiue  hue.    Emph\sema  could  be  felt  over  the  shoulder  and  the  correspond- 
half  of  the  chest.     There  being  no  wound  through  which  decomposing 
fluids  and  gases  could  escape,  a  number  of  free  incisions  were  made  in  the 
puts  already  dead  to  relieve  the  tension  and  favor  drainage.    In  this  way  the 
spread  of  the  gangrene  was  arrested,  and  the  next  day  a  line  of  demarcation 
fcraied  below  the  shoulder-joint,  and  the  boy  eventually  recovered. 

These  cases  of  traumatic  gangrene  require  the  most  prompt 
interference  on  the  part  of  the  surgeon.  They  are  known  as 
" fulminating  gangrene  ' '  or  "gangrenous  emphysema,"  or,  in  the 
expressive  French  language,  as  gangrhte  foudroy ante. 

Gangrene  may  result  from  some  of  the  forms  of  inflammation 
willi  intense  congestion  of  the  parts.     In  some  cases  of  hyperemia 
accompanying  inflammation  there  is,  as  has  already  been  seen,  a 
slowing  of  the  blood  in  the  capillaries,  and   in   this  condition  red 
corpuscles  are  often  forced  through  the  walls  of  the  vessels,  giving 
rise  lo  the  hemorrhagic  type.     This  degree  of  congestion  precedes 
total  stasis,  which,  when  it  occurs  on  a  large  enough  scale,  produces 
death  of  the  part.     But  death  is  still  more  frequently  caused  bv  the 
direct  poisonous  action  of  bacteria.    When  an  inflammation  is  about 
to  terminate  in  gangrene,  the  bright  red  color  becomes  a  deep  livid 
red,  mottled  with  blue,  later  a  purple  hue,  and  finally  black.     The 
nnderlying  tissues  are  boggy  and  are  distended  with  gas  and  decom- 
posed fluids.     There  is  great  swelling  of  the  adjacent  lymphatic 
At  the  seat  of  the  lesion  the  muscles  and  tendons  are  mace- 
rated, the  bone  is  denuded  and  surrounded  by  a  putrid  fluid   min- 
gled with  pus.     It  is  in  this  fluid  that  one  finds  the  largest  number 
">'  micro-organisms.     The  constitutional  disturbance  is  profound. 
re  is  great  physical  prostration  and  the  signs  of  septicaemia  are 
*ell  marked.     A  post-mortem  examination  shows  that  the  viscera 
are  congested  and  cedematous,  and  present  hemorrhagic  infarctions 
-rk). 

Such   gangrenous  types  of  inflammation  occur  only  from   some 
the  most  poisonous  forms  of  bacterial  infection,  as,  for  example, 
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the  bacillus  of  malignant  oedema.      Occasionally  a  man  is  brought 
into  the  hospital  with  an  entire  arm  in  this  condition,  the  result  of 
an  acute  phlegmonous  inflammation  arising  from  a  poisoned  woun^^ 
in  the  hand.   The  infection  occurs  often  after  the  most  trivial  lesion- 
as  the  prick  of  some  dirty  tool  or  instrument. 

The  t  rent  )iii)t  t  of  moist  gangrene  varies  greatly  according  to  the  con- 
ditions under  which  it  develops.    The  old  rule,  to  amputate  at  ouce 
in  traumatic  gangrene,  has  but  few  exceptions.    If  there  is  no  tend- 
ency to  spread,  a  time  can  be  chosen  for  the  operation  when  tic 
condition  of  the  patient  is  satisfactory  to  the  surgeon.     In  spread- 
ing gangrene   the  loss   even  of  hours  is  sometimes  fatal  to  life. 
There  are  but  few  cases  in  surgery  that  are  more  urgent  than  these. 
Free  incisions  may  sometimes  relieve  tension  and  permit  the  escape 
of  foul  gases  and  fluids,  but  such  a  resort  is  not  to  be  depended 
upon  to  arrest  the  process,  and  it  should  only  be  employed  when 
amputation  is  not  permissible  on  account  of  the  low  state  of  the 
patient.     The  process,  ouce  fully  developed,  may  leave  the  patiec 
in  such  a  state  that  life  can  only  be  saved  by  amputation. 

It  is  hardly  necessary  here  to  remind  the  reader  that  good  food 
and   stimulants,  both  alcoholic   and   cardiac,   may  be   needed   to 
develop  all   the  strength  which  the  system  can  command.      Alco- 
holic stimulation  is  about  the  only  form  of  treatment  that  can 
depended  upon  in  this  grave  couditiou. 

(iangrette  from  frost-bite  may  result  partly  from   the  effects  of 
cold  and  partly  from  the  enfeebled  condition  of  the  patient. 
temperature  of  — 16°  C.  is  sufficiently  low  to  produce  this  condition. 
Exposure  to  cold  in  a  drunken  sleep  is  the   commonest  way  in 
which  this  form  of  gangrene  is  acquired.     The  parts — usually  the- 
feet — at  first   are  blanched,  and  later  become  purple  or  marbled..^ 
running  in  shade  from  a  deep  black  in  the  toes  to  a  mottled  purplc^^ 
which  may  extend  above  the  ankles. 

The  effect  of  cold  upon  the  small  arteries  is  to  cause  them  t  _ 
contract  to  prevent  the  flow  of  blood.     If  this  condition  of  spasc^^^ 
is  maintained  too  long,  the  arteries  will  not  dilate  and  the  blocr^^j 
will  never  return.     If  kept  up  for  a  certain  length  of  time,  th^^.v 
will  dilate  to  such  an  extent  that  the  part  will  become  engorge 
with  blood,  and  gangrene  may  be  produced  in  the  same  way  as    jXJ 
the  acute  congestion  described  above.     There  will  be  an  intense 
passive   hyperemia  with  stasis  in  the  vessels,   that  may   lead    to 
death  of  the  part  or  to  a  chronic  inflammatory  process.    The  blood 
ust  therefore  be  allowed  to  come  back  gradually,  and  it  is  fur  this 
reason  that  treatment  by  cold  is  so  often  used.     The  Esqtiitii 
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I  frozen  man  in  a  room  at  the  temperature  of  zero  Fahren- 
heit, and  gradually  raise  the  temperature  to  the  desired  point.  The 
practice  of  bringing  a  case  of  frozen  feet  into  the  warm  ward  of  a 
1  should,  if  possible,  be  avoided.  The  part,  at  all  events, 
should  be  kept  in  an  atmosphere  cooled  by  ice-bags  while  the 
,skin  is  kept  dr-  Usually  the  threatening  color  will  gradually 
disappear*  or  will  prove  to  be  due  chiefly  to  extravasated  blood 
beneath  the  epidermis,  and  the  gangrene  will  be  found  quite  lim- 
ited in  extent. 

The  use  of  poultices  to  warm  the  dead  parts  should  be  avoided, 
as  they  promote  suppuration  and  favor  burrowing  of  pus.     After 
rmth  has  fully  been  restored  an  antiseptic  dressing  should  be 


Fig.  63. — Gangrene  of  the  Toe*  from  Fran-bite. 

applied  until  the  line  of  demarcation  is  established,  when  the  dead 
^ts  can  be  removed  by  an  operation  if  necessary  (Fig.  63). 
A  not  uncommon  cause  of  gangrene  is  extravasation  of  urine. 


The  effect  of  an  ammoniacal  urine  laden  with  bacteria  is  to  ca 
hi  extensive  slouch  of  the  connective  tissue  and  occasionally 
the  scrotum.     Free  and  early  incisions  are  indicated  in  such  case> 
When  a  portion  of  the  scrotum  becomes  gangr es Ottfi  .ind  separate** 
the  remainder  retracts,  and  the  loss  of  integument  appears  to  "^ 
much  greater  than  it  really  is.     Although  the  testicles  and  i 
iikiv    be   exposed   in   their  entire   length,    they  will    eventual] 
covered  in  by  the  granulating  wound.    The  treatment  of  such  cas^ 
consists  in  free  incisions  through  the  whole  extent  of  the  exti 
sated  area.      An  incision  on   the  median  line,  dividing  the  scrotum 
into  halves  as  far  dowu  as  the  point  of  rupture  in  the  uretln 
usually  called  for. 

A  rare  occurrence,  which  the  writer  has  seen  only  once,  i 
grene  of  the  urethra  and  glans  penis  due   to  obstruction  of  its 
nutrient  artery.     In  this  case  the  gangrenous  parts  were  carefully 
dissected  away  and  a  clean  external  wound  was  left,  but  the  | 
succumbed  to  a  gangrenous  cystitis. 

Nomay  or  cancrwm  oris,  is  the  result  of  gangrenous  stom 
affecting  the  cheek.     Noma  occurs  most  frequently  as  a  c 
cation  of  one  of  the  eruptive  diseases  of  children,  such  as 
fever;   it  may  also  affect  the  pudenda.     It  is  evidently  produced 
by  a  septic  inflammation,  although  Samuel  regards  it  of  m 
origin,  as  it  does  not  pass  the  middle  line  and  is  developed  v. 
preceding  inflammatory  symptoms,     Schimmelbuseh  has  examined 
one  case  for  bacteria,  and  fouud  small  bacilli,  often  in  pairs  and 
Sometimes  in  long  filaments,  growing  along  the  boundary-line  of 
the  living  tissue.     These  bacilli  grow  in  gelatin  without  liquefying 
it  at  the  temperature  of  the  room,  and  injected  into  rabbi' 
cause  abscesses.     They  did  not  stain  by  Gram's  method.     I, 
examined  five  cases  and  found  a  bacillus  4-8/*  long;  when  injected 
into  rabbits  it  caused  inflammation,  and  death  on  the  ten 

Foote  examined  one  case  of  noma  and  found  bacilli,  but  he 
failed  to  obtain  cultures  of  them.     Sections  taken  from  the  skin  at 
the  edge  of  the  ulcer  covering  the  malar  bone,  and   stained  by 
Gram's   method,  showed  an   outer  zone  of  necrotic   tissue  and  an 
inner  zone  of  normal  tissue.     At  the  edge  of  the  necroti 
bacilli  were  found  packed  closely  together  to  the  exclusion  of  all 
other  bacteria  along  the  line  of  necrosis :  this  gave  the  impression 
that  they  were  eating  directly  into  the  sound  tissue.      The 
in  fact,  seen  infiltrating  the  healthy  connective  tissues,  tbo 
much  less  abundance  than  along  the  line  of  necrosis.     Th 
there  is  not  sufficient  evidence  to  show  that  an  organ 


ttli  may  frequently  drop  out.  After  the  slough  has  sej 
amid  appears  like  a  sharply-cut  gigantic  ulcer,  in  vol  v- 
>\de  of  the  nose  and  the  entire  cheek.  After  cicatrization 
ice  a  large  opening  still  remains,  and  the  case  requires  an 
i  plastic  operation  for  its  relief.  At  the  pudenda  the  dis- 
ally  begins  at  the  labial  inaTgiu  and  extends  to  the  clitoris, 
phae,  and  the  hymen,  and  sometimes  to  the  urethra.  The 
nay  spread  to  the  perineum,  to  the  anus,  or  to  the  thigh 
dii),  and,  as  in  the  mouth,  the  sloughing  is  deep  and  fre- 
cxtends  quite  to  the  bone. 

constitutional  treatment  in  noma  is  of  the  greatest  import- 
id  it  is  chiefly  through  this  treatment  that  life  may  be 
Quinine  and  iron  may  be  given  in  full  doses,  and  stimu- 
so.  Disinfecting  gargles  may  be  used  for  the  mouth  and 
tc  dressings  for  the  pudenda.  A  few  drops  of  an  emulsion 
ne  3ss,  glycerin  jiv,  water  siij,  added  to  a  glass  of  water, 
i  agTeeable  and  efficient  disinfectant  for  the  mouth.  In  the 
antiseptics  care  should  be  taken  to  avoid  poisoning  by  the 

^of  the  drugs  used, 
w,  or  gangrene  produced  by  eating  grain  containing  ergot 
.f/jff/t),  was  a  disease  of  the  seventeenth  and 
i tli  centuries,  and  at  one  time  produced  great  havoc  among 
lers  in  France,  Switzerland,  and  other  countries  of  Europe. 
seen  denied  that  the  drug  could  produce  this  effect  when 
perirnentally  upon  animals;  but  according  to  Recklinghau- 

Earacteristic  effect  was  produced  in  a  cock's  comb,  where 
r  the  arterioles  was  observed  after  its  administration,  aud 
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changes.  There  is  no  direct  proof  of  this  theory,  however, 
the  general  opinion  appears  to  be  that  the  gangrene  is  d,ie 
enfeebled  circulation  with  uninterrupted  pressure.  Continue 
pressure,  even  when  too  light  to  cause  pain,  as  from  a  tight!) 
applied  tourniquet  or  from  splints,  produces  the  same  effecL  Bed 
sores  form  readily  in  patients  affected  with  low  forms  of  fever*  aw 
they  are  in  such  cases  partly  due  to  enfeebled  heart-action. 

In  the  treatment  of  decubitus  great  care  should  be  taken  t 
prevent  pressure  on  the  parts  liable  to  be  affected,  such  as  th 
heels  and  the  sacrum.  The  skin  should  be  kept  clean  and  dn 
and  one  of  the  chief  advantages  of  a  trained  nurse  in  such  case 
is  the  care  given  to  the  condition  of  the  integuments  of  the  bad 
Daily  friction  with  alcohol,  keeping  the  parts  dry  with  toilel-poi 
der,  and  the  use  of  ring  pads  to  remove  pressure  are  the  princip 
means  of  prevention.  Since  the  days  of  trained  nurses  bed-sor 
have  greatly  diminished  in  number,  and  their  development  is 
source  of  much  less  anxiety  to  the  attending  physician*  The  san 
cannot  be  said,  unfortunately,  of  the  use  of  hot-water  bottles, 
lias  been  the  writer's  lot  to  see,  as  the  result  of  their  careless  us 
extensive  sloughs  form  upon  patients  while  still  under  the  infl 
ence  of  ether.  It  is  a  good  rule  not  to  allow  any  hot- water  bo 
ties  in  the  bed  of  a  patient  coming  out  of  ether:  the  bed  can  1 
heated  sufficiently  before  he  is  placed  in  it. 

A  rare  form  of  gangrene,  but  one  which  is  nevertheless  occi 
sionally  seen  at  the  present  time,  is  that  known  as  symmetric* 
gangrene  or  Raynaud's  disease.  It  is  a  variety  of  dry  gangret 
characterized  by  two  prominent  features— the  absence  of  any  an 
tomical  lesions  of  the  blood-vessels,  and  the  symmetrical  devcloi 
nient  of  the  disease  in  the  two  halves  of  the  body.  It  I 
found  in  both  an  upper  and  a  lower  extremity,  or  in  all  fo 
extremities,  and  occasionally  the  ear,  the  cheeks,  and  the  nc 
are  affected.  Mills  reports  a  case  in  which  the  tip  of  the  tonjgi 
was  slightly  affected.  A  somewhat  similar  condition  is  that  poj 
ularly  known  as  "dead  finger,"  which  comes  on  after  exposure X 
cold,  and  which  is  not  tin  frequently  seen  in  young  ladies  after, 
cold  bath.  The  affected  finger  is  distinctly  paler  than  the  other. 
and  is  cold;  the  circulation,  however,  soon  returns.  In  the  con- 
dition associated  with  symmetrical  gangrene  the  disturbance  of 
the  circulation  is  more  profound,  and  there  occurs  what  the 
French  call  "local  asphyxia."  The  pallor  is  succeeded  by  a 
cyanotic  color  of  varying  degrees  of  intensity.  On  pressure  the 
color  disappears,  and  returns  very  slowly,   showing  great  feeble- 
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Bess  in  the  circulation.  When  in  this  condition  the  ends  of 
the  lingers,  the  parts  most  frequently  affected,  are  often  quite 
The  color  later  becomes  almost  black,  and  minute 
appear  on  the  tips  of  the  fingers.  The  blisters  become 
filled  with  a  sero-purulent  fluid,  break,  and  leave  excoriations 
which  may  remain  several  days.  The  color  now  begins  to  return, 
the  excoriations  heal,  and  a  little  conical  tubercle  is  left  just  be- 
neath the  edge  of  the  nail.  The  improvement  is,  however,  only 
temporary;  the  same  changes  recur,  and  may  be  repeated  during  a 
period  lasting  one  or  two  years.  In  an  advanced  stage  the  ends  of 
the  fingers  are  covered  with  a  number  of  little  white  scars,  the 
skin  being  indurated,  and  they  have  a  thin,  sharp,  withered  look, 
as  if  they  had  been  pinched  in  a  vise  and  had  preserved  the  shape 
thus  given  to  them.  When  the  vascular  disturbance  reaches  that 
point  which  is  sufficient  to  cause  death  of  the  part,  the  transparent 
cyanotic  pulp  of  the  finger  has  at  its  central  part  a  small  black 
mass  of  tissue  which  subsequently  separates  as  a  slough. 

No  cardiac  disease  is  found  in  cases  of  symmetrical  gangrene, 
and  the  general  condition  of  the  patient  gives  evidence  of  no  form 
of  organic  disease  anywhere.     The  vaso-motor  disturbance  remains 
at  its  height  for  about  ten  days,  and  convalescence  is  established 
at  the  end  of  from  three  weeks  to  several  mouths.     Occasionally y 
■  one  or  two  attacks,  the  condition  becomes  more  or  less  perma- 
nent, and  the  part  affected  is  continually  cold  and  torpid.    At  times 
the  skin  of  the  backs  of  the  hands  and  the  fingers  becomes  thick- 
ened and  rigid,  and  the  fingers  are  held  semiflexed  and  ankylosed. 
The  two  affections  most  likely  to  be  mistaken  for  this  disease 
are  chilblains  and  senile  gangrene.     In  chilblains  all  the  extrem- 
ities are  not  likely  to  be  found  affected,  and  the  disease  is  limited 
tocertain  periods  of  the  year,      Senile  gangrene  is  rarely  bilateral: 
:nuch  more  extensive,  and  the  characteristic  condition  of  the 
arteries  is  usually  present     Owing  to  the  predominance  of  pain  it 
lias  sometimes  been  mistaken  for  gout.     The  prognosis  of  sym- 
cal  gangrene  is  favorable.     If  the  stage  of  gangrene  develops 
itself  at  the  end  of  a  week  or  ten  days,  it  is  probable  that  a  corn- 
recovery  will  follow  the  separation  of  the  eschars.     If,  how- 
ever, the  disease  does  not  reach  this  point,  but  comes  and  goes, 
there  is  danger  that  it  will  settle  down  into  a  chronic  condition. 
In  four-fifths  of  the  cases  the  disease  is  found  in  women.     In  the 
great  majority  of  cases  it  occurs  between  the  ages  of  eighteen  and 
years.     As  a  low  temperature  is  an  exciting  cause,  the  dis- 
ease is  more   frequently    found   on   the   approach   of  the  winter 
it 
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months.  Not  infrequently  there  may  be  premonitory  symptoms 
for  one  or  two  winters,  with  return  to  health  in  the  surnme" 
season,  and  a  final  termination  in  gangrene. 

The  following  case  is  the  only  example  of  this  affection  whic 
the  writer  has  seen: 


vhicl 


A  rather  feeble  woman,  twenty-five  years  of  age  and  a  native  of  Scot- 
land,  presented  herself  at  the  hospital  in  June,  1878.  She  had  been  in  good 
health  until  four  months  previously,  at  which  time  she  suffered  frequently 
from  nose-bleed.  Soon  after  this  she  noticed  that  the  tips  of  the  fingers  and 
toes  became  red.  At  the  time  of  entrance  to  the  hospital  the-  pulps  of  the 
fingers  and  toes  were  discolored.  The  borders  of  the  afTected  area  resembled 
the  semi-transparent  purple  of  a  grape.  There  was  none  of  the  reddish  tint 
seen  in  strangulated  intestine.  The  lightest  shades  were  also  essentially 
purple  in  tint:  near  the  centTe  the  hue  deepened  until  it  was  difficult  to 
determine  whether  or  not  the  tissues  were  gangrenous.  The  patient  did 
not  complain  of  much  pain,  but  was  totally  incapacitated  for  work,  owing 
to  the  condition  of  her  hands.  On  two  of  the  finger-tips  were  patches  of 
;angrene.  In  a  few  days  several  sloughs  separated  from  the  fingers  as  dry, 
black  eschars,  the  largest  being  about  the  size  of  a  ten-cent  piece,  Th< 
treatment  consisted  in  administration  of  iron  internally  and  good  food 
the  application  of  resin  cerate  to  the  parts,  About  two  months  later,  when 
the  patient  left  the  hospital,  the  fingers  had  healed  and  presented  a  red  and 
shrivelled  look.     There  was  no  gangrene  of  the  toes. 


irm  of 
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Symmetrical  gangrene,  according  to  Raynaud,  is  a  for 
ischaemia  due  to  contraction  of  the  arterioles>  which  contraction 
may  sometimes  extend  back  as  far  as  arteries  of  considerable  siz« 
(radial  pulse).  In  the  lighter  forms  of  spasm  there  occurs  "local 
syncope"  or  "dead  finger."  The  veins  probably  are  also  con- 
tracted. When  the  reaction  following  the  spasm  is  incomplete 
there  is  n  local  asphyxia."  The  veins  having  the  smallest  amoum 
of  muscular  fibres  relax  first,  and  the  venous  blood  flows  back  infin 
the  capillaries,  but  stops  here,  as  the  arteries  are  still  contracted 
s  a  result  of  this  condition  there  is  a  certain  amount  of  stagnation 
in  the  larger  veins,  and  sometimes  slight  oedema.  The  arterial  co> 
traction  was  demonstrated  in  the  retina  in  a  case  where  there  w^ 
disturbance  of  vision  during  the  attacks.  It  is  evident,  therefo^ 
that  the  disturbance  lies  in  the  vaso-raotor  apparatus.  The  syu, 
metrical  character  of  the  lesion  is  explained  by  an  irritation  of  one 
of  the  vaso-motor  centres  of  the  cord  which  brings  about  a  spasm 
of  the  vaso-constrictors. 

As  the  disease  is  situated  in  various  parts  of  the  body,  the 
centre  of  irritation  is  not  always  at  the  same  point,  and  as  there 
exist  several  vaso-motor  centres,  different  points  may  become  the 
seat  of  the  contractions.     The  vaso-motor  nerves  are  affected  not 


only  by  direct  irritation,  but  may  also  be  susceptible  to  reflex  action. 
An  example  of  the  latter  is  the  contraction  of  the  vessels  of  one 
Iiaiid  when  the  other  hand  is  suddenly  plunged  into  very  cold 
water. 

Inasmuch  as  symmetrical  gangrene  follows  occasionally  the 
puerperal  state  or  may  show  itself  periodically  at  the  menstrual 
epoch,  it  is  but  reasonable  to  suppose  that  the  reflex  irritation 
may  take  its  origin  in  the  uterus.     Some  of  the  cases  described 

chell  as  erythromrla/gia  have  a  resemblance  to  this  affec- 

md  some  of  them  undoubtedly  appear  to  be  symmetrical 
congestions.  Although  this  arterial  spasm  shows  itself  at  the 
most  peripheral  portions  of  the  body,  it  probably  is  to  be  found 
elsewhere,  but  the  parts  being  less  exposed  to  the  loss  of  heat, 
gangrene  does  not  occur. 

The  treatment  of  symmetrical  gangrene  consists  principally  in 
the  administration  of  tonics  and  in  placing  the  patient  under  the 
best  hygienic  conditions.  Raynaud  recommends  the  use  of  con- 
stant descending  currents  to  the  spine.  The  use  of  some  local 
stimulating  application  may  serve  to  restore  the  tone  of  the  cir- 
culation of  the  part  after  the  arterial  constrictions  have  ceased. 
During  the  separation  of  the  sloughs  a  careful  antisepsis  of  the  part 
should  be  maintained. 

The  action  of  chemical  agents  as  the  cause  of  gangrene  has  been 
Doled.  There  is  one  drug  (now  so  universally  used  as  an  antisep- 
tic agent)  which  occasionally  exerts  such  a  powerful  local  action 
that  it  is  desirable  for  the  writer  to  warn  against  its  use  under  cer- 
tain conditions.     Watery  solutions  of  carbolic  acid  when  applied 

fingers  on  compresses  have  in  a  number  of  cases  been  fol- 
lowed by  gangrene  of  the  eutire  finger.  Several  such  cases  have 
come  to  the  writer's  knowledge.  Strong  solutions  of  this  acid 
bve  a  numbing  influence  upon  the  part,  and,  in  the  early  days 
of  its  use,  strong  carbolic  acid  was  experimented  with  as  a  local 
anesthetic  for  minor  operations.  A  prolonged  application  of  a 
compress  wet  in  a  carbolic  solution  is  followed  by  the  evaporation 
of  the  water  and  a  corresponding  concentration  of  the  agent.  The 
surgeon  should  therefore  avoid  entirely  the  use  of  solutions  of  this 
drug  on  the  extremities  of  the  body.  The  danger  of  ^  carbolic  gan- 
grtnc"  is  one  that  should  always  be  kept  in  mind. 

htm  (a  native  word  meaning  to  saw  off)  is  an  affection 
winch  occasionally  terminates  in  gangrene,  although  spontaneous 
amputation  of  the  part  affected  may  occur  without  gangrene.  It 
is  a  disease  characterized  by  a  constriction  of  the  integument  of 
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the  little  toe  at  its  plantar  fold,  producing  a  deep  fissure  which 
gradually  encircles  the  toe  until  the  latter  is  attached  to  the  foot 
by  a  narrow  pedicle.  Ainhum,  which  occurs  almost  exclusively  in 
negroes,  is  found  in  Africa  and  the  West  Indies ;  it  has  also  been 
met  with  among  the  Hindus.  It  is  seen  more  frequently  in  men 
than  in  women.  Cases  are  reported  in  which  the  finger  was 
affected,  but  they  are  rare.     It  is  said  to  be  hereditary. 

There  is  apparently  little  if  any  ulceration  during  the  constrict- 
ing process.  Ainhum  has  been  compared  to  scleroderma,  and  Eyles 
describes  a  thickening  of  the  deeper  layers  of  the  cutis  vera.  Accord- 
ing to  Duhring,  it  may  be  grouped  with  "  degenerative  fibromata." 
The  epidermis  is  much  thickened.  The  bones  undergo  an  osteo- 
porosis or  a  rarefying  ostitis.  The  condition  known  as  "obliterat- 
ing endarteritis"  has  been  observed.  As  the  constriction  deepens 
the  end  of  the  toe  enlarges,  and  appears  as  if  it  had  been  encircled 
by  an  elastic  ligature.    The  disease  may  last  from  one  to  ten  years. 

A  healthy  male  negro,  fifty-three  years  of  age,  suffering  from  this  affection, 
presented  himself  at  the  Massachusetts  General  Hospital  E$ia  family  resided 
in  the  British  Provinces.  His  grandfather,  father,  brother,  and  two  sisters  hid 
all  lost  the  little  toe  of  the  left  foot.  The  toes  of  all  had  been  removed  by  a 
surgeon,  except  that  of  one  sister,  who  pulled  off  her  toe. 

In  the  case  of  the  patient  the  disease  began  four  years  before  in  the  same 
toe.   There  had  been  no  pain,  although  sensation  was  felt  in  the  affected  part 
The  disease  when  first  seen  resembled  a  soft  corn,  in  which  a  deep  furrow 
existed.     The  furrow  gradually  increased  until  the  toe  was  only  attached  by  j 
a  pedicle  about  one-eighth  of  an  inch  in  diameter.     There  was  a  slight  exc 
nation  at  one  point,  but  no  distinct  ulceration,  the  toe  being  much  enlarged  | 
On  removal  the  toe  was  placed  in  alcohol,  and  after  hardening  was  dr 
by  a  horizontal  incision,  the  knife  easily  cutting  through  the  bone, 
phalanx  had  almost  entirely  disappeared,  and  the  bulk  of  the  tissue  appear 
to  be  made  up  of  a  mass  of  adipose  tissue.    The  cutis  and  epidermal  1        J 
did  not  appear  to  be  hypertrophied.    The  patient  made  a  good  recovery. 

No  cause  has  yet  been  assigned  for  this  affection*     It  has  bej 
suggested  that  the  constriction  has  intentionally  been  produced 
a  ligature.     Possibly  it  may  be  due  to  mechanical  friction,  owi 
to  some  peculiarity  in  gait  or  in  footgear.     Sudan  noticed  in 
eral  cases  that  lumbar  pains  preceded  the  local  affection,  and] 
does  not  regard  the  disease  as  local  in  origin.     It  has  been 
gested  that  division  of  the  constricting  bands  of  fibres  at  an  < 
stage  of  the  disease  might  check  its  progress.     In  the  majoritl 
reported  cases  amputation  was  performed.     This  can  be  done] 
ally  with  a  pair  of  scissors,  as  the  bone  has  disappeared  fror. 
pedicle. 


Although  the  fact  of  death  ensuing  upon  injuries  of  parts 
not  essential  to  life,  even  when  unattended  by  hemorrhage,  and 
upon  operations  not  usually  esteemed  hazardous,  has  not  escaped 
observation,  writers  aud  teachers  seem  to  have  contented  them- 
selves with  the  bare  statement  of  it,  either  from  an  impression 
that,  being  an  equivalent  in  effect  to  death  on  the  spot  or  being 
due  to  an  idiosyncrasy  moral  or  physical,  the  further  consideration 
of  the  subject  in  a  practical  view  was  unavailing."  Thus  writes 
Travers,  the  senior  surgeon  of  St,  Thomas's  Hospital,  in  1826. 
Previous  to  this  time  the  term  "shock,"  as  now  used,  had  rarely 
been  employed  as  a  surgical  expression.  Guthrie,  however,  speaks 
of  the  "shock  of  the  injury,"  and  Sir  Astley  Cooper  says  in  his 
lectures,  "  The  most  severe  injuries  by  shock  to  the  nervous  sys- 
tem cause  death  without  reaction."  James  Latta,  in  1795,  is  said 
to  have  been  the  first  to  have  used  the  word  to  describe  this 
condition. 

This  profound  but  somewhat  obscure  disturbance  of  the  system, 
although  probably  recognized  by  the  practical  surgeon  from  time 
immemorial,  has  only  received  the  somewhat  tardy  attention  of 
medical  writers,  and  even  at  the  present  time  its  pathology  is  but 
very  imperfectly  understood.    At  all  events,  the  most  diverse  views 
have  been  held  by  those  who  have  studied  the  condition  of  the  sys- 
tem in  shock.      Its  importance  was    first    recognized   by  English 
writers,  to  whose  efforts  no  doubt  much  of  our  present  knowledge 
m  .     Travers,  Jordan,  Savory,  and  many  others  have  given  the 
subject  special  study.     It  seems  strange  that  the  progressive  Ger- 
mans should  have  allowed  shock  to  have  passed  almost  unnoticed 
until  1867,  when  Billroth  aud  Neudorfer  first  called  attention  to  it. 
The  nomenclature  of  the  affection  is  not  a  large  one.    The  terms 
"traumatic  torpor"  and   "stupor"  have  been  used  by  Pirogoff; 
"prostration  without  reaction"  is  spoken  of  by  Travers;  Savory 
uses  "collapse"  as  the  title  to  his  article;  and  "neuroparalysis" 
has  been  employed  by  those  who  have  attempted  to  explain  the 
nature  of  shock   in   this   way.      In   Germany   Wmidschreck  and 
Srschutterung  are  terms  that  have  been  used  to  a  limited  extent, 
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but  they  have  given  way>  as  in  France,  to  the  very  expressive 
English  phrase  which  is  now  almost  universally  employed. 

Though  the  literature  of  the  subject  is  considerable  since  it 
received  a  place  in  surgery,  yet  few  writers  attempt  to  define  the 
nature  of  shock.  Its  pathology  is  usually  passed  over  briefly,  and 
the  term  may  be  said  to  have  been  employed  indiscriminately  to 
describe  all  cases  of  sudden  death  following  injury  without  hem* 
orrhage.  In  America  and  in  England  the  condition  has  been 
regarded  as  a  general  depression  of  the  nervous  system  without 
any  very  well-defined  idea  as  to  what  the  nature  of  the  change  was. 
Manselt-Moullin  has  defined  it  a  little  more  accurately  as  a  reflex 
paralysis  or  inhibition  of  the  nervous  system,  In  France,  Blum 
explains  shock  as  an  arrest  of  the  heart's  action,  due  to  reflex  irri- 
tation of  the  pneumogastric  nerve.  In  Germany  many  writers 
have  adopted  the  theory  of  Fischer,  who  attributes  the  weakness  of 
the  heart's  action  and  the  other  phenomena  of  shock  to  a  reflex 
vaso-motor  paralysis  whereby  the  abdominal  vessels  are  hyperae- 
lnic,  and  the  heart,  brain,  and  other  organs  are  correspondingly 
ischemic. 

Before  going  more  deeply  into  this  question  let  there  be  a 
mutual  understanding  of  the  clinical  picture  which  this  subtile 
condition  produces  in  the  human  organism,  when,  as  Gross  graphi- 
cally puts  it,  "  the  machinery  of  life  has  been  rudely  unhinged." 

A  patient  is  brought  into  the  hospital  with  a  compound  commi- 
nuted fracture  or  with  a  dislocation  of  the  hip-joint  added  to  other 
injuries,  where  the  bleeding  has  been  slight.  As  the  litter  is  gen' 
deposited  on  the  floor  he  makes  no  effort  to  move  or  look  about* 
him.  He  lies  staring  at  the  surgeon  with  an  expression  of  com-^ 
plete  indifference  as  to  his  condition.  There  is  no  movement  o*^ 
the  muscles  of  the  face;  the  eyes,  which  are  deeply  sunken  in  tliei^  — 
sockets,  have  a  weird,  uncanny  look.  The  features  are  pinched  an*-^ 
the  face  shrunken.  A  cold,  clammy  sweat  exudes  from  the  por»— ^ 
of  the  skin,  which  has  an  appearance  of  profound  anannia.  Tl^  - 
lips  are  bloodless  and  the  fingers  and  nails  are  blue.  The  pulse  ^^ 
almost  imperceptible;  a  weak,  thread-like  stream  may,  however,  j 
detected  in  the  radial  artery.  The  thermometer,  placed  in  the  — «_^l 
turn  (it  would  be  useless  to  attempt  to  take  the  temperature  in  ^trie 
axilla),  registers  960  or  970  F.  The  muscles  are  not  parah^^ed 
anywhere,  but  the  patient  seems  disinclined  to  make  any  mus-^^j. 
lar  effort.  Even  respirator)'  movements  seem  for  the  time  to  \^ 
reduced  to  a  minimum.    Occasionally  the  patient  may  feebly  tliiro^r 

ut  one  of  his  limbs  and  give  vent  to  a  hoarse,  weak  gro3.n. 


There  is  no  insensibility  (coma  is  not  observed  in  cases  of  shock), 

bnt  he  is  strangely  apathetic,  and  seems  to  realize  but  imperfectly 

the  full  meaning  of  the  questions  put  to  him.     It  is  of  no  use  to 

attempt  an   operation  until   appropriate   remedies   have   brought 

about  a  reaction-    The  pulse,  however,  does  not  respond;  it  grows 

feebler,  and  finally  disappears,  and  M  this  momentary  pause  in  the 

aci  of  death  "  is  soon  followed  by  the  grim  reality.    A  post-mortem 

examination  reveals  no  visible  changes  in  the  internal  organs. 

The  two  principal  theories  as  to  the  nature  of  shock  are  based 
on  certain  functional  disturbances  in  the  vascular  and  nervous  sys- 
tems respectively.     Fischer  takes  the  ground  that  shock  produces 
a  paralyzing  effect  upon  the  heart  in  a  manner  similar  to  that  pro- 
duced upon  the  frog  in  Goltz*  s  experiment,  which  consists  in  the 
infliction  of    repeated   slight   blows   upon   the   abdomen   (p.  85). 
When  the   heart  begins   to  pulsate    again   it  remains   small    and 
pale,  and  receives  in  the  diastole  very  little  blood,  and  is  there- 
fore able  to  throw  out  only  a  small  quantity  into  the  system.    This 
coDdition  was  ascribed  by  Goltz  to  a  lack  of  tonicity  in  the  vessels 
of  the  abdominal  cavity,  but  later  he  was  convinced  that  there  was 
a  very  general  vase-motor  paralysis.     It  was  shown  also  that  the 
same  condition  could  be  brought  about  by  blows  received  in  other 
parts  of  the  bodw    This  lack  of  tonicity  Goltz  subsequently  showed 
••as  not  confined  to  the  arteries,  but  might  affect  the  veins  also,  and 
m  this  way  such  large  quantities  of  blood  might  be  received  in  the 
vessels  of  the  abdominal  cavity,  as  has  been  shown  experimentally 
lo  be  the  case  after  division  of  the  splanchnic  nerves,  that  the  heart 
and  large  vessels  elsewhere  could  receive  but  an  extremely  small 
quantity  of  blood.     According  to  Fischer,  then,  the  great  mass  of 
the  blood  stagnates  in  the  abdominal  veins  and  arteries  during 
shock.     This,  he  thinks,  is  a  sufficient  physiological  explanation 
of  the  symptoms  of  shock.     As  the  skin  is  anaemic,   it  is  pale, 
cold,  and  without  sensation.     Experiment  has  shown  that  muscles 
deprived  of  their  blood  are  rigid  and  unable  to  perform  their  func- 
tions, and  the  great  muscular  weakness  is  therefore  accounted  for. 
fhe  irregularity  and  the  temporary  cessation  of  the  heart's  action 
account  for  the  small,  irregular,  and  absent  pulse.     The  cerebral 
ao2mia  explains  the  mental  phenomena  of  shock  and  the  nausea 
and  vomiting. 

Schneider  also  adopts  the  theory  of  a  reflex  paralysis  of  the 
vaso-motor  nerves,  as  based  upon  the  views  of  Falk  and  Sonnen- 
burg  on  the  cause  of  death  after  extensive  burns.  According  to 
Schneidet,  every  extreme  irritation  produced  by  surgical  operations 
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or  by  injuries  causes  at  first  contraction,  and  subsequently  general 
dilatation,  of  tlie  blood-vessels.     "  The  heart  is  unable  to  force  the 
small  amount  of  blood  through  the  empty  vessels.     Its  own  mus- 
cles are  insufficiently  supplied  with  oxygen,  and  it  gradually  ceases 
to  beat.     The  great  lowering  of  the  temperature  of  the  body  can 
be  explained  by  the  diminished  blood-pressure,  and  consequently 
the  increased  difficulty  in  providing  oxygen  for  the  tissues,  or  by 
the  retarded  flow  of  blood  and  the  consequent  increase  of  the  loss 
of  heat,  or  finally  by  the  direct  influence  upon  the  heat-centre." 
Thus  the  theory  of  Fischer  is  extended  so  as  to  include  a  vaso- 
motor paralysis   of   the   whole   vascular  system.      This   view   is 
accepted    by    Mansell-Moullin,    who    considers    it    an    enormous 
advance  on  all  previous  views,  but  still  cannot  accept  it  as  thor- 
oughly sufficient   to   explain  all  the  phenomena  of  shock.      He 
assumes  these  vaso-motor  changes  to  be  produced  by  inhibition, 
rather  than  by  simple  reflex  paralysis,  and,  arguing  on  this  basis, 
suggests  that  the  same  power  may  be  the  direct  and  immediate 
agent  influencing  the  nerves  that  govern  sensation,  motion,  and 
volition  as  much  as  those  that  control  the  walls  of  the  blood-ves- 
sels.    The  molecular  action  which  constitutes  nerve-force  may  be 
interfered  with,  perhaps  even  interrupted,  not  only  in  certain  cen- 
tres that  control  the  heart  and  vascular  system,  but  also  in  oth 
centres.     u  Shock  is  to  be  regarded  as  an  extreme  and  general  man-, 
ifestation  of  that  inhibition  with  the  power  of  which,  as  regards 
few  organs,  physiology  has  made  us  acquainted.'1     "  In  short,1'  h^ 
concludes,  u  shock  is  an  example  of  reflex  paralysis  in  the  strict 
and  narrowest  sense  of  the  term — a  reflex  inhibition,  probably  ^ 
the  majority  of  cases  general,  affecting  all  the  functions  of  tl^^ 
nervous  system  and  not  limited  to  the  heart  and  vessels  only. 

The  vaso-motor  theory  is  also  held  by  Gross,  for  he  states  tb^j 
shock  is  essentially  dependent  upon  reflex  paralysis  of  the  em 
circulatory  system,  but  especially  of  the  heart  and  abdominal  v^es- 
sels.    It  has  gained  numerous  adherents  in  Germany,  among  wh^ 
may  be  mentioned  Eulenburg  and  Schede. 

Grceningen,  however,  takes  exception  to  the  vaso-motor-para/. 
ysis  theory,  and  shows  that  Goltz  himself  did  not  regard  this  as 
shock,  but  rather  as  syncope  or  "fainting.'1  Many  of  the  symp. 
toms  of  shock  can,  he  acknowledges,  be  explained  by  this  theory, 
particularly  those  belonging  to  the  circulation — -not  those,  however. 
connected  with  motion  and  sensation.  The  anaesthesia  and  paresis 
produced  in  the  posterior  extremities  of  a  rabbit  after  ligature  of 
the  abdominal  aorta  do  not  correspond  to  those  symptoms  producec\ 


by  shock.     The  return  of  blood  to  a  part  thus  rendered  anaemic  is 
usually  exceedingly  painful,  and  there  are  also  peculiar  creeping 
nsations.     No  anaesthesia  is  produced  by  the  Esmarch  bandage, 
u  shock  there  is  no  sensation  whatever  in  the  muscles.     Anaemia 
of  the  brain  is  one  of  the  symptoms  of  syncope,  not  of  shock.     If 
Fischer's  theory  were  correct,  the  signs  of  shock  and  hemorrhage 
would  he  the  same,  but,  as  will  be  seen  later,  there  are  important 
differences  in  this  respect.     In  rabbits  subjected  to  the  Goltz  exper- 
iment Grceningen  was  unable  to  demonstrate  an  anaemia  in  the 
peripheral  arteries  and  muscles.     In  rabbits  dying  from  shock  he 
found  the  abdominal  arteries  and  veins  empty.     All  possibility  of 
hyperemia  of  these  vessels  may  be  removed  by  administering  Cal- 
abar bean  to  these  animals,  and  yet  the  symptoms  of  shock  may  be 
produced.     Many  claim  that  in  the  mammalia  sufficient  blood  can- 
not be  made  to  collect  in  the  abdominal  vessels  to  produce  this 
smiled  "  intravascular  hemorrhage."    Division  of  the  splanchnic 
acnes  in  animals  does  not  produce  the  symptoms  of  shock.     Cases 
of  >udden  abdomiual  plethora  following  premature  delivery,  or  of 
sadden  empty  iug  of  effusion  from  the  abdominal  cavity,  are  incor- 
rectly called  "shock,"  according  to  Grceningen,  being  in  reality 
brain-anaemia. 

In  addition  to  these  arguments,  there  may  be  adduced  the  prac- 
tical experience  of  those  surgeons  who  are  accustomed  to  operations 
in  the  abdominal  cavity.  It  has  certainly  been  the  writer's  expe- 
rience that  the  symptoms  of  shock  are  not  accompanied  by  any 
marked  change  in  the  blood-supply  to  the  abdominal  vessels.  A 
careful  analysis  of  this  theory  shows,  therefore,  conclusively,  that 
it  does  not  account  satisfactorily  for  all  the  symptoms  of  shock. 

Many  surgeons  regard  shock  as  a  sort  of  heart  failure,  a  tem- 
porary paresis  of  the  muscles  of  the  heart,     Savory,  whose  arti- 
cle fas  long  been  an  established  authority  on  shock,  says:  "The 
heart  is  powerfully  affected  through  the  nervous  system,  and  its 
action  is  arrested."     Blum   has  endeavored  to  explain  the  func- 
tional disturbance  of  the   heart  in   shock  by  the   action  of  the 
pacnmogastric  nerve  similar  to  that  caused  by  experimental  irri- 
tation of  the  nerve,  which  produces  either  a  diminution  in  the  num- 
beats  or  a  sudden  interruption  of  the  heart's  movements. 
This  explanation  would  not  account  for  those  cases  of  shock  in 
the  rapidity  of  the  heart's  action  is  increased,     Irritation 
nerve  does  not  always  produce  the  same  changes  in  blood- 
re,  whereas  in  shock  there  is  always  a  general  and  considerable 
diminution  in  the  blood-pressure.    This  theory,  moreover,  does  not 
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explain  the  weakness  of  muscular  action  and  the  diminished  sensi- 
tiveness and  many  other  symptoms  of  shock.  In  cases  of  irrita- 
tion of  the  pneumogastric  nerve  produced  in  man  by  pressure  upon 
the  carotid  region  the  number  of  pulse-beats  per  minute  is  dimin- 
ished one-half,  but  the  beats  continue  to  be  strong,  as  does  also  the 
action  of  the  heart  The  arterial  pressure  was  temporarily  dimin- 
ished, but  afterward  was  above  normal. 

Grceningen  observed  the  case  of  a   hussar  who  was  kicked  on 
the  left  side  of  the  neck  by  a  horse.     In  addition  to  a  paralysis  of 
the  left  vocal  cord,  there  was,  for  several  days,  a  remarkable  reduc- 
tion of  the  heart-beats  to  thirty  per  minute.     The  pulse  was,  how- 
ever, strong  and  the  heart's  action  good,  although  slightly  irregu- 
lar.    Meyer  found  that  by  electric  stimulation  the  heart's  action 
could  be  arrested  for  a  minute  in  warm-blooded  animals,  but  he 
was  unable  to  produce  any  permanent  impression  upon  the  motor 
apparatus  of  the  heart.     Finally,  post-mortem  examinations  show 
that  irritation  of  the  pneumogastric  causes  arrest  of  the  hear: 
diastole.     In  cases  of  death   from  shock  the  heart  is  often  found 
contracted  and  empty.     It  need  hardly  be  added  that  paralysis  of 
the  heart  produced  by  irritation  of  the  pneumogastric  nerve  cannot 
be  accepted  as  the  cause  of  shock  on  such  evidence. 

Many  of  those  authors  who  have  been  inclined  to  accept 
vaso-motor  theory  of  shock  have  nevertheless  not  beeu  fully 
fied  with  its  capacity  to  account  for  all  the  symptoms.     Mar 
Moullin*s  opinion  on  this  point  has  already  been  quoted.     The 
same  view  is  held  by  Mitchell,  who  says:    "  Either  the  shock  of  a 
wound  causes  paralysis  of  vaso-motor  nerves  and  sequent  conges- 
tion, with  secondary  alterations,   or  it  destroys  directly  the  vit 
powers  of  a  centre.     Now,  there  is  no  reason  why  if  shock  be  i 
petent  to  destroy  vitality  in  vaso-motor  centres  or  nerves,  it 
be  incompetent  to  so  affect  the  centres  of  motion  and  sensation." 

Cooper  was  clearly  of  the  opinion  that  death  in  some  injurie 
was  caused  by  both  direct  and  indirect  shock  to  the  nervous 
tern.  Billroth  undertook  to  explain  the  change  thus  produced  as 
a  molecular  disturbance  of  certain  portions  of  the  brain.  Brown- 
Se'quard  recognizes  an  irritation  of  the  cervical  cord,  the  medulla, 
and  the  neighboring  central  structures  as  shown  by  the  effect  upon 
the  vagus,  the  sympathetic,  and  sensitive  nerves.  There  is,  he 
thinks,  a  weakening  also  of  the  nerve-power  at  the  - 
centre. 

One  of  the  most  thorough  and  complete  studies  of  the  action  of 
the  nervous  system  in  shock  has  been  made  by  Grceningen.    An 
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indication  of  this  action  is  given  by  Leyden,  who  ascribes  the  phe- 
nomena of  shock  to  a  powerful  irritation  either  directly  upon  the 
cord  or  indirectly  through  a  peripheral  sensitive  nerve,  by  which  a 
profound  molecular  disturbance  is  produced  in  the  nerve-tissue, 
which  is  thereby  incapacitated  from  receiving  less  intense  stimuli. 
The  functions  of  the  cord  may  thus  be  paralyzed  or  be  reduced  to 
a  minimum.     Among  these  functions  there  must  be  included  not 
v  sensation  and  motion,  but  also  those  which  preside  over  the 
heart,  the  vaso-motor  nerves,  and  the  respiration.     "The  brain," 
he  says,  "does  not  participate,  the  mind  is  clear:  it  is  rare  that 
stupor,  coma,  or  delirium  is  present." 

Let  us  see  for  a  moment  what  the  result  is  of  the  functional 
activity  of  the  nerve  when  subjected  to  a  mechanical  irritation.     If 
isensitive  nerve  is  irritated,  a  change  takes  place  in  its  equilibrium 
which  is  transmitted  peripherally  and  centripetally.      As  to  the 
ugal  change  nothing  is  known.     The  centripetal  irritation 
i  about  a  change  which  is  called  M  sensation. "    In  the  nerve  as 
I  as  in  the  nerve-centre  there  is  a  certain  amount  of  consump- 
tion of  tissue,  perhaps  also  a  molecular  change.    In  fact,  it  is  known 
after  repeated  irritation  there  is  a  chemical  change  in  the 
nerve,  and   that  its  power  of  responding  to  further  irritation  is 
diminished.     The  mere  act  of  function,  therefore,  brings  about  a 
change  which  is  called  "fatigue,"  and,  when  extreme  in  degree, 
baustion."    The  fatigue  disappears  after  a  certain  interval  with 
rest,  and  the  nerve  resumes  its  former  power  of  responding  to  irri- 
n.   In  the  case  of  the  motor  nerve  the  irritation  expresses  itself 
centnfugally  in  muscular  action.    Here  also  both  nerve  and  muscle 
may  become  exhausted  by  repeated  irritation. 

Savory  puts  it,  "Action  involves  exhaustion,  and  repose  is 
needed  for  repair.  The  greater  the  effort,  therefore,  the  greater 
the  exhaustion."  The  exhaustion  of  the  peripheral  nerve  de- 
pends partly  upon  the  degree  of  the  irritation,  and  partly  also  upon 
the  suddenness  with  which  it  is  exerted.  It  follows,  therefore, 
thai  a  single  sudden  maximum  irritation  produces  the  highest 
degree  of  exhaustion.  Experiment  shows  that  the  irritation  is 
not  confined  to  the  nerve  alone,  btit  spreads  from  its  point  of 
origin  to  certain  portions  of  the  central  nervous  system. 

So  far  as  the  amount  of  the  irritation  goes,  Groeningen  recog- 
nizes four  degrees:  (i)  The  lowest  is  without  perceptible  action  on 
the  nerve;  (2)  the  second  disposes  of  the  sense  of  feeling,  such  as 
touch,  sight,  hearing,  taste,  and  smell;  (3)  a  stronger  irritation 
effaces  more  or  less  the  acuteness  of  these  perceptions,  and  brings 
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out  prominently  the  sensation  of  pain  or  of  such  disagreeable  sen. 
sations  as  loathing,  disgust,  etc. ;  and  (4)  the  highest  degree  of 
irritation  destroys  all  sensation  either  temporarily  or  perau 

Each  lower  degree  of  irritation  leads  insensibly  up  to  a  higher 
one.  The  sensation  of  heat  and  cold  may  merge  into  that  of  pain. 
So  with  the  other  senses:  a  strong  light  may  blind,  an  intend 
loud  noise  may  cause  deafness.  Again,  a  higher  degree  of 
tion  prevents  the  perception  of  one  of  lower  grade:  the  lips  art 
bitten  to  suppress  the  pain  of  an  operation.  A  maximum  of 
irritation  may  be  reached  when  all  special  senses  are  desl 
and  even  pain  itself  is  not  felt.  With  all  these  changes  of  func- 
tion the  nerve  remains  anatomically  the  same,  to  all  appearance. 
The  paralyzed  nerve  and  the  nerve  afflicted  with  the  most  intense 
neuralgia  may  have  no  marks  to  distinguish  one  from  the  otha 
The  disturbances  recorded  are  therefore  considered  purely  func- 
tional. 

Let  us  now  look  at  the  nerve-centres.  The  change  in  them 
produced  by  irritation  is  usually  called  u  reflex  inhibition,1*  bat 
the  phenomena  thus  produced  can  as  readily  be  explained 
theory  of  fatigue  of  these  centres  caused  by  over-irritation.  Reflex 
paralysis  is  an  example  of  fatigue  of  the  nerve-centres,  Lewiswn 
showed  that  if  the  kidney  of  an  animal  was  seized  and  squeezed 
by  the  hand,  a  temporary  paralysis  occurred  in  the  posterior 
extremities  and  reflex  irritability  was  for  the  time  destroyed 
Mitchell  reports  numerous  cases  of  reflex  paralysis  following 
injuries  to  nerves.  Here  exists  paralysis  of  the  motor  apparatus 
as  the  result  of  irritation  of  a  sensitive  nerve.  These  paralyse! 
were  in  remote  regions  and  unconnected  with  the  injured  lim 
they  appeared  after  the  first  shock  of  the  injury  had  subsided 
Langenbuch  showed  that  after  nerve-stretching  the  pulse  wis 
smaller  and  more  frequent  or  slower,  the  breathing  more  super- 
ficial or  changed  in  rapidity. 

From  these  examples  it  is  seen  that  during  the  simple  procea 
of  innervation  the  nerve-centres  may  become  fatigued  to  a  greater 
or  lesser  extent,  and  that  when  the  irritation  of  the  peripheral 
nerves  is  very  intense  the  functions  of  those  portions  of  the  cord 
receiving  or  transmitting  these  impressions  may  be  temporarily 
interrupted.  A  condition  of  fatigue  or  exhaustion  is  th' 
duced  that  shows  itself  in  a  weakening  or  suspension  of  the  sen* 
si  the  and  motor  functions  of  these  portions  of  the  cord. 

The  changes  which  are  due  to  exhaustion  must  not  be  con* 
founded  with  inhibition.     The  reflex  centres  are  a  portion  onl? 


of  those  that  are  affected.  The  motor  centres  are  also  paralyzed, 
sensation  is  weakened,  the  perception  of  pain  is  benumbed,  the 
temperature  falls,  respiration  is  less  active,  the  vaso-rnotor  centres 
are  enfeebled,  and  the  strength  of  the  heart  fails.  As  Groeningen 
■yB,  the  spinal  cord  up  to  its  point  of  origin  from  the  brain  is  sud- 
denly overwhelmed,  as  it  were,  and  can  only  regain  its  vitality 
tftcr  a  complete  rest. 
It  has  hitherto  been  supposed  that  the  nature  of  this  condition 
of  the  cord  was  not  demonstrable  by  any  method  of 
examination,  and  the  change  which  takes  place  was  therefore 
regarded  as  molecular,  such  as  one  might  expect  to  find  in  a 
functional  disturbance.  The  observations  of  Hodge,  how- 
ever, are  very  suggestive  in  this  connection.  This  observer  has 
made  a  microscopical  study  of  changes  due  to  functional  activity 
a  nerve-cells,  hoping  to  find  alterations  corresponding  to  those 
seen  In  the  cells  of  a  gland  which  is  performing  its  functions. 
The  gland-cell  during  rest  becomes  filled  with  granules,  and  dur- 
ing secretion  these  granules  pass  out,  generally  leaving  the  cell 
hninken.  "The  necessity  for  rest  in  a  gland-cell  is  made  appar- 
ent by  its  loss  of  substance.  If  nerve-cells  do  not  lose  substance 
or  change  in  some  way,  why  are  we  tired  at  night?"  To  test  this 
question  Hodge  subjected  the  spinal  ganglia  of  frogs  and  cats  to 

ectric  stimulation  for  several  hours,  comparing  the  changes 
observed  in  the  cells  with  the  normal  cells  and  with  stimulated 
cells  after  a  period  of  rest.  He  also  studied  the  effects  of  normal 
fatigue  in  sparrows,  swallows,  and  bees.  The  ganglia  of 
birds  obtained  in  the  early  morning  were  compared  with  those 
of  birds  killed  at  the  close  of  a  hard  day's  work.  He  concludes 
tfot  metabolic  changes  are  as  easy  to  demonstrate  microscopically 
as  similar  processes  in  gland-cells.  These  alterations  consist  in  a 
marked  decrease  in  the  size  of  the  nucleus,  and  a  change  from  a 
snooth  and  rounded  to  a  jagged,  irregular  outline.  There  is  a  loss 
of  the  open  reticulate  appearance  of  the  nucleus,  and  it  takes  a 
darker  stain.  There  is  a  slight  shrinkage  in  size  with  vacuolation 
in  the  cells  of  the  spinal  ganglia,  and  considerable  shrinkage  with 
enlargement  of  pericellular  lymph-space  for  cells  of  the  cerebrum 
«d  cerebellum.  The  protoplasm  does  not  take  the  staining  mate- 
rial so  well  as  when  in  its  normal  condition.  There  is  a  decrease 
m  the  size  of  the  nuclei  of  the  cell-capsule  when  present  (Fig.  64). 

These  interesting  results  seem  to  throw  new  light  upon  the 
condition  of  the  ganglia  of  the  cord  and  medulla  in  the  condition 

own  as  shock,  and  render  the  supposition  highly  probable  that 
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in  this  profound  functional  disturbance  similar  changes  may  be 
found  which  may  gradually  disappear  after  an  interval  of  rest 

Some  writers  undertake  to  distinguish  several  varieties  of  shock- 
That  variety  of  which  a  brief  clinical  picture  has  already  been  given. 
is  the  most  frequent,  and  is  called  by  some  the  "torpid  form  of 


a. 


Fig.  64..— Ganglion-cells  from  the  Cord  of  a  Cat :  a,  cell  stimulated  seven  hours ;  b,  resting  eWi 

shock.'1     Travers  in  his  account  of  shock  uses  the  term  llpi 
tion  with  excitement,"  which  was  intended  to  describe  a  particu- 
lar form  of  shock.     About  this  variety,  which  has  frequently  been 
mentioned  by  subsequent  writers,  there  has  been  much  disc 
Mausell-Moullin  thus  describes  it:  uThe  patient  tosses  wildly  and 
vaguely  from  side  to  side  as  if  frantic,  complaining  of  a  fearful 
oppression  and  want  of  breath,  with  presentiments  of  death  and  a 
feeling  of  total  annihilation;  often  shouting  again  and  again  the 
same  thing.  ....  No  encouragement  is  of  any  use:  the  con 
ness  is  unclouded,"  etc.    Cheever  thus  concisely  defines  this  condi- 
tion: "  Typhoidal  delirium,  a  dusky  flush  over  the  malar  bones, 
dull    eyes,    intermittent   pulse,  jactitations,    exhaustion,   death." 
Travers  in  his  account  of  this  condition  quotes  two  ilhisl 
cases,  one  of  which  appears  to  be  an  attack  of  acute  mania  follow- 
ing injury  to  a  person  who  had  previously  been  insane.    The  other, 
a  rapidly-fatal  case,  closely  resembles  one  of  fat-embolism. 

In  severe  hemorrhage  there  is  a  peculiar  restlessness  which 
might  show  itself  notwithstanding  the  accompanying  shock,  hut 
hardly  to  such  an  extent  as  in  this  form  of  shock.  There  are,  how- 
ever, cases  where  little  or  no  bleeding  has  occurred  when  after 
an  injury  there  is  immediately  great  excitement  Mitchell  has 
described  graphically  several  such  cases  in  his  article  on  ''Inju- 
ries of  the  Nerves.1*     In  one  case  of  gunshot  wound  of  the  right 
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wrist-joint,  injuring  the  ulnar  and  median  nerves  and  causing-  cere- 
bral excitement,  the  patient,  who  was  a  colonel,  ran  along  the  line 
of  his  regiment  "half  crazed,"  in  a  state  of  wild  excitement,  and 
presently  fell  insensible,  but  not  from  loss  of  blood.  In  another 
case  of  shot-injury  to  the  right  median  nerve  the  patient,  also  an 
officer,  was  helped  to  the  rear,  talking  somewhat  incoherently 
about  matters  foreign  to  the  time  and  scene.  He  was  very  feeble, 
but  lost  little  blood,  and  he  had  not  the  least  remembrance  of  hav- 
ing been  shot  or  of  any  event  which  followed  an  hour  afterward. 

Grceningen,  although  inclined  not  to  accept  this  form  of  shock, 
SBggests  that  it  may  be  one  following  a  condition  of  exaltation 
occurring  after  injury,  and  Roberts,  speaking  of  delayed  shocks, 
Another  explanation  I  venture  to  offer  for  some  of  those 
cases  is  the  reactionary  mental  exhaustion  that  may  occur  after 
Bental  excitement  and  simulate  shock."  It  is  probable  that  some 
of  these  cases  may  be  ascribed  to  that  condition  known  as  "delir- 
ium nen'osum  "  or  "delirium  trauinaticum." 

The  so-called  secondary  or  delayed  shock  may  be  due  to  sec- 
ondary complications ;  it  is  probable  that  the  term  originated  at  a 
period  when  the  pathology  of  fat-embolism  or  septic  infection  was 
less  understood.  In  certain  cases  of  shock  the  patient  may  some- 
linger  for  one  or  two  days  before  finally  succumbing  to 
exhaustion,  and  in  this  sense  there  may  be  such  a  condition,  but 
it  is  usually  called  "  protracted  shock,"  and  is  hardly  to  be  classed 
\  a  separate  variety. 

Gross  describes  a  variety  known  as  insidious  shock,  which  the 
riler  thinks  many  surgeons  will  recognize  as  characteristic  of 
true  shock.  The  symptoms  are  of  a  marked  character,  however, 
tod  well  calculated  to  deceive  both  patient  and  practitioner. 
"The  person,  though  seriously  injured,  congratulates  himself 
on  having  made  an  excellent  escape,  and  imagines  that  he  is 

iv  in  no  danger,  but  will  soon  be  about  again The 

jance  in  this  form  of  shock  has  often  a  peculiarly  melan- 

pression,  as  if  foreshadowing  the  fatal  event;  a  sad  smile 

pon  the  lips  and  illumines  the  lower  part  of  the  face,  while 

the  upper  part  wears  a  gloomy  aspect  in  striking  contrast  with  the 

I  other."   It  seems  to  the  writer  that  in  such  cases  there  had  been  an 

attempt  at  reaction  which  had  failed.     The  cheek  may  be  flushed 

lightly  and  the  skin  be  dry  and  warm;  but  the  pulse,  although 

tionger,  is  easily  compressed,  and  it  is  evident  to  the  careful 

rver  that  the  patient's  condition   is  most  critical.     He  may 

you  with  a  cheerful   "Good-morning,   doctor,"   and  when 
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asked  how  he  feels  will  respond,  "Fine;"  and  yet  the  fatal  et 
may  come  only  a  few  hours  later. 

Several  writers  speak  of  local  shock.  PirogoflF  mentions  " 
stupeur  locale."  Groeningen  defines  it  as  peripheral  shock, 
should  not  be  confounded  with  the  bruised  and  benumbed  fraj 
ments  of  tissue  in  the  immediate  neighborhood  of  a  wound. 
seems  to  consist  in  diminution  of  sensation  and  of  motion  in  [} 
adjoining  apparently  healthy  tissues,  which  is  probably  of  centr, 
rather  than  of  local  origin.  Gussenbauer  claims  to  have  seen  th 
condition  even  when  the  symptoms  of  general  shock  have  be< 
very  slight.  It  is  analogous  to  some  of  the  reflex  paralyses  \ 
often  observed,  but  in  this  case  it  is  near  rather  than  remote  fro 
the  wound.  Berger  has  noted  in  some  cases  a  complete  hemi-an* 
thesia  involving  not  only  the  skin,  but  the  adjacent  mucous  men 
branes.  This  amesthetic  condition  is  in  some  cases  so  marked  thj 
operations  have  been  performed  without  pain.  Many  acts  of  beq 
ism  of  this  nature  on  the  battlefield  are  mentioned  by  surgica 
writers. 

Among  the  most  frequent  causes  of  shock  are  the  severe  injurie 
which  surgeons  are  accustomed  to  see  in  hospital  practice.  Arnoii^ 
these  injuries  are  the  compound  comminuted  fractures  of  the  bona 
of  the  extremities  that  are  so  frequent  among  railroad  employes  01 
machinists.  _  Penetrating  injuries  involving  the  viscera  are  nearij 
always  accompanied  by  considerable  shock,  though  this  primal] 
condition  must  not  be  confounded  with  the  septic  disturbanci 
which  often  follows  with  great  rapidity.  Injuries  of  certaii 
organs,  as  of  the  testicle  and  bone,  are  supposed  to  prodno 
shock  more  readily  than  in  other  parts.  A  blow  on,  or  the 
ing  of,  the  testicle  may  produce  a  certain  amount  of  shock.  I'n* 
towe  reports  a  case  of  severe  shock  following  a  blow  by  a  she 
which  grazed  the  testicle.  Hunter  mentions  a  sudden  death  dm 
ing  castration.  Fischer  reports  the  case  of  a  fine  healthy  man  wh 
was  attacked  by  an  enraged  horse.  The  testicle  was  seized  by  tli 
animal,  and  the  scrotum  was  held  for  a  considerable  time  betwee 
the  animal1  s  teeth  and  severely  lacerated.  The  man  died  in  a  fej 
hours  from  shock. 

Operations  upon  the  testicle,  as  conducted  at  the  present  tim 
are  rarely  followed  by  the  symptoms  of  shock.  Operation 
the  urethra,  such  as  catheterism,  are  often  followed  by  syncope,  to 
it  is  not  in  accord  with  the  writer's  experience  that  genuine  sh« 
can  be  produced  by  this  cause.  The  very  extensive  operatio 
rhich  are  now  performed  for  necrosis  do  not  seem  to  be  folk 
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bv  stock  more  frequently  than  any  other  operations  of  the  same 

ude.  All  capital  operations,  particularly  those  prolonged 
over  a  considerable  period  of  time,  produce  shock.    Primary  ampu* 

at  the  hip-joint  were  almost  invariably  fatal  during  the  War 
of  the  Rebellion,     The  method  then  employed   involved   serious 
hemorrhage,  which  always  greatly  aggravates  the  condition  of  col-, 
lapse  due  partly  to  the  injury  and  partly  to  the  operation.     This 
operation  was  finally  prohibited  by  the  surgeon -general. 

According  to  Billroth,  the  evulsion  of  an  arm  or  a  leg  is  usually 
Sol  Wed  by  a  fatal  shock.  Fischer,  however,  relates  the  case  of  a 
lion-tainer  whose  whole  left  arm  was  torn  from  the  shoulder-joint 
by  a  lion.  The  loss  of  blood  was  very  slight,  and  the  patient  was 
affected  by  shock  that  he  was  able  to  walk  to  the  hospital. 
Loss  of  blood  is  a  powerful  factor  in  the  production  of  shock,  and 
of  those  cases  which  have  terminated  fatally  may  have  been 

due  to  hemorrhage.  The  present  "completed"  operation 
for  removal  of  cancerous  breasts  is  likely  to  be  followed  by  serious 
»huck  if  this  detail  be  not  attended  to.  M  The  more  sudden  the  loss 
of  blood,  the  greater  will  be  the  immediate  prostration  and  the  less 
are  the  chances  of  recovery  "  (Gay). 

•on  the  chest  are  usually  not  followed  by  much  shock, 

is  of  short  duration,  and  which  is  due  as  much  to  the  gen- 
eral effects  of  the  injury  as  to  the  local  lesion.     "  The  pit  of  the 

b"    or  the    abdomen   is  a   much   more  sensitive   region. 

ites  of  shock  from  this  form  of  injury  are  innumerable. 
Vmcent  relates  the  following  case:   UA  man  received  a  blow  from 

apon  the  epigastrium.  He  had  an  anxious  expression  and 
suffered  from  oppression,  irregular  heart-action,  and  shivering, 
oms  which  gradually  disappeared  during  the  day.  In  the 
evening  his  appetite  returned,  and  he  felt  well:  during  the  night 
he  died  without  a  struggle.  At  the  autopsy  there  was  absolutely 
nothing  abnormal  to  be  found.'* 

Blo\es  received  during  football  or  baseball  matches  have  termi- 
nated fatally  with  the  same  symptoms.     Such  cases  remind  one  of 

g  experiments  of  Goltz,  and  of  Fischer's  vaso-motor  theory 

k.     Doubtless  many  of  these  cases  may  be  shown  to  owe 

ital  termination  to  a  weak  heart.  Green ingen  attributes  the 
♦hock  in  such  cases  to  the  peculiar  anatomical  distribution  of  the 
nerves  to  the  abdominal  viscera.  Here  are  found  the  rich  plexuses 
«f  the  sympathetic  system  with  the  laTge  ganglionic  masses,  most 
prominent  among  which  is  the  semilunar  ganglion,  named  by 
Bichat  *'lc  cerveau  abdominal."     A  very  powerful  irritation  may 

it 
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suddenly  be  transmitted  to  the  cord  and  the  medulla  oblongata,  am 
the  subsequent  exhaustion  of  the  vital   nerve-centres  may  thus  b, 
produced.     The  writer  is  inclined  to  think,  however,  that  a  cer 
tain  number  of  these  cases  may  be  due  to  the  vaso-motor  disturb 
ance  produced  by  a  temporary  paralysis  of  the  splanchnic  nerves, 
This  theory  seems  at  least  more  closely  in  accord  with  physiologi. 
cal  experiments.      Such  cases,  therefore,  should  not  be  regarded  as 
cases  of  true  shock. 
>        Blows  upon  the  neck  often  produce  sudden  collapse.     There  has 
already  been  alluded  to  the  effect  of  a  blow  upon  the  pneumopas- 
tric  nerve  and  the  symptoms  thus  produced.     In  those  cases  under 
consideration,  however,  the  patient  drops  vertically  to  the  ground 
in  an  unconscious  condition.     Prize-fighters  are  well  aware  of  the 
opportunity  which  a  blow  u  upon  the  jugular  "  offers  to  save  them- 
selves, perhaps,  from  a  threatening  defeat.     Various  theories  have 
been  offered  to  explain  the  nature  of  this  injury.     To  some  path- 
ologists  it  is  known  as  concussion  of  the  larynx.      Fischer  assumed 
that  spasm   of  the  glottis  was   thus  produced.     By  Claudt- 
nard  and  others  it  is  supposed  that  an  inhibitory  action  is  exerted 
upon  the  respiratory  centre  through  an  irritation  of  the  superior 
laryngeal  nerve.     It  is  known  that  swimmer's  cramp  is  produced 
by  some  such  powerful  stimulus  sent  to  the  respiratory  centre,  and 
it  is  probable  that  the  sudden  unconsciousness  caused  by  gai 
is  produced  in  the  same  way.     A  blow  in  this  region  would  also 
bruise  the  cervical  sympathetic  plexus  of  nerves,  and  it  is  possible 
that  a  sudden  cerebral  anaemia  could  thus  be  produced.     It 
to  the  writer  that  many  of  these  cases  should  be  interpreted  in  this 
way  and  be  removed  from  the  category  of  shock.    That  true  shock 
may,  however,  be  thus  produced  seems  apparent  from  cases  reported 
by  Maschka,  of  which  the  following  is  an  example:  A  boy,  twelve 
years  of  age,  received  a  blow  from  a  stone  upon  the  anterior  por- 
tion of  the  larynx.     He  fell  lifeless  to  the  ground.     At  the  autopsj 
no  local  lesion  was  found  and  no  injury  elsewhere.     The  sudden 
death  may  be  attributed  in  this  case,  in  part,  to  shock  and  tn  part 
to  cerebral  ansemia. 

In  severe  burns  which  have  affected  more  than  one-third  the  sur- 
face of  the  body  the  symptoms  of  shock  are  always  well  marked. 
It  has  been  suggested  that  extensive  dilatation  of  the  blood-vesseh 
upon  the  surface  of  the  body  causes  diminution  of  blood- pressure 
and  that  the  heart's  action  is  thus  weakened.  Billroth  attribi 
the  symptoms  to  shock  produced  by  the  severe  irritation  of  tl» 
nerve-centres  through  the  peripheral  nerves,  and  it  is  probable 
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ldition  of  such  individuals  is  one  of  true  shock.  Similar 
according  to  Gay,  may  be  produced  by  swallowing  irrita- 
isons,  as  oxalic  acid  or  corrosive  sublimate.  The  conslitu- 
effects  of  such  poisons  as  prussic  acid  or  nicotine  or  the 
of  serpents  should  be  regarded  as  collapse  due  to  the  action 
x>isons  rather  than  to  true  shock.  Sudden  death  from  light- 
also  due  to  shock.  Grceningen  reports  the  case  of  a  sol* 
10  recovered  from  lightning-stroke  in  whom  the  symptoms 
j(k  were  well  pronounced. 

s  of  sudden  death  often  follow  the  tapping  of  cysts,  particu- 
n  the  abdominal  cavity.  Many  of  these  cases  should  be 
^d  as  local  hypenemias  due  to  the  sudden  removal  of  pressure 
^e  abdominal  blood-vessels.  In  some  cases  when  the  aspira- 
been  used  air  has  unintentionally  been  forced  into  the  veins 
embolism  thus  produced.  Moiillin  reports  a  case  of  death 
minutes  after  tapping  the  liver  for  hydatid  disease.  The 
gn  of  organic  disease  found  at  the  autopsy  was  a  slightly 
ir  condition  of  the  kidneys. 

sensitiveness  of  the  abdominal  cavity  has  already  been 
ned.  In  abdominal  operations  shock  may  be  produced  and 
Tiuated  by  prolonged  handling  of  the  intestines  and  the 
tg  up  of  extensive  adhesions,  and  the  exposure  of  the  viscera 
air,  whereby  a  great  amount  of  heat  is  rapidly  lost.  Great 
is  caused  by  a  rupture  of  the  viscera,  particularly  of  the 
les.  In  strangulated  hernia  the  symptoms  of  shock  are 
U  in  a  marked  degree.  Even  after  the  constriction  has 
lieved  fatal  shock  may  supervene.  This  peculiar  condition  has 
cognized  by  French  writers  under  the  name  of  peritonism* 
rniare.  According  to  Mansell-Moulliu,  the  strangula- 
a  portion  of  the  small  intestine,  whether  in  a  hernial  sac  or 
e  band  within  the  abdominal  cavity,  is  attended  at  once  by 
ms  of  the  most  complete  prostration,  and  may  of  itself,  if 
reduced,  be  sufficient  to  occasion  death  without  the  produc- 
peritonitis. 

:  relation  of  pain  to  shock  has  been  noticed  by  many  writers, 
the  days  of  anaesthesia  such  a  case  as  the  following,  reported 
Astlev  Cooper,  seems  to  have  been  a  not  unusual  occurrence: 

ewer's  servant,  a  man  of  middle  age  and  robust  frame,  suffered  much 
enl  days  from  a  thecal  abscess  occasioned  by  a  splinter  of  wood 
ting  beneath  the  nail  of  the  thumb  :  a  few  seconds  after  the  matter 
charged  by  a  deep  incision  the  man  raised  himself  by  a  convulsive 
com  his  bed  and  instantly  expired. 


If  it  is  recalled  for  a  moment  what  has  been  said  about  thedil 
ferent  degrees  of  nerve-irritation,  it  will  be  found  that  very  powei 
fill  nerve-irritation,  such  as  usually  produces  shock,  is  painless 
The  higher  degree  of  irritation  destroys  function.  For  this  rea$c» 
wounds  received  during  battle  are  not  painful.  Stromeyer  state 
that  nothing  is  so  surprising  to  the  novice  in  military  surg 
this  absence  of  pain.  l '  Perfect  quiet  reigns  in  the  hospital  wa 
first  night  after  a  battle." 

That  anaesthesia  has  served  to  lessen  shock  after  operatic 
probably  due  to  the  fact  that  the  nerve-centres  are  thus  prot 
to  a  certain  extent  from  powerful  irritations  from  without,  rather 
than  to  the  mere  absence  of  pain.      Le  Gros  Clark  says:   tlI 
the  shock  of  pain  is  much  overestimated:  ....   it  is  certaii 
great   and   almost   continued  pain   is   compatible  with  protracted 
life."     Groeningen  maintains  that  the  theory  that  shock  is  caused 
by  pain  has  not  been  proven. 

Mental  emotion  is  accepted  by  many  writers  as  a  cause  of  shod, 
but  the  theory  is  received  with  doubt  by  others.     The  foil 
case,  reported  by  Lauder  Brunton,  has  been  much  quoted: 


aozioq 


Many  years  ago  the  janitor  of  a  college  had  rendered  himself  obm 
to  the  students,  and  they  determined  to  punish  him.  Accordingly  they  pre- 
pared a  block  and  an  axe,  which  they  conveyed  to  a  lonely  place,  and,  having 
dressed  themselves  in  black,  some  of  them  prepared  to  act  as  judges  and  sent 
others  of  their  company  to  bring  him  before  them.  He  affected  at  first  lo 
treat  the  whole  thing  as  a  joke,  but  was  solemnly  assured  by  the  students 
that  they  meant  it  in  real  earnest.  He  was  told  to  prepare  for  immelute 
death.  The  trembling  janitor  looked  all  around  in  the  vain  hope  of  axing 
some  indication  that  nothing  was  really  meant,  but  stern  looks  met  him 
everywhere.  He  was  blindfolded  and  made  to  kneel  before  the  blixklk 
executioner's  axe  was  raised,  but  instead  of  the  sharp  edge  a  wi 
brought  smartly  down  on  the  back  of  the  culprit's  neck.  The  bandage  mi 
BOW  removed  from  his  eyes.  but.  to  the  astonishment  and  horror  of 
dents,  they  found  that  he  was  dead. 


'the  ** 

excite 


Such  a  case  may  be  due  to  heart  failure  from  fear  and 
ment.  It  is  generally  conceded,  however,  that  all  depressing 
influences,  whether  moral  or  physical,  contribute  to  the  aggrava 
tion  of  shock.  Soldiers  exhausted  from  gTeat  fatigue  or  from  stal 
vation  or  demoralized  by  defeat  succumb  much  sooner  to  shoe 
than  do  their  victorious  opponents. 

The  effect  of  individual  temperament  is  often  strikingly  shov* 
after  severe  injuries.  Soldiers  of  the  most  undaunted  courage  tin 
pale  and  tremble  like  a  leaf  after  a  comparatively  trifling  accidei 
(Gross).    Mitchell  reports  the  case  of  an  officer  wounded  in  the  i 
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who  was  instantly  thrown  into  a  condition  of  the  utmost  trepida- 
tion.   His  character  for  courage  was  undoubted,  and  a  court  of 
inquiry,  for  which  he  asked,  cleared  him  on  the  surgical  evidence. 
Railway  injuries  are  supposed  to  be  a  prolific  source  of  shock 
even  in   cases  where  there  has  been  no  well-defined  external  or 
internal  injury.     This  class  of  cases,  formerly  regarded  as  due  to 
concussion  of  the   spine,  has  been   more  recent!)'  interpreted  by 
Page  as  a  shock  to  the  nervous   system  in  which  a  condition  is 
ally  arrived  at  where  the  seat  of  the  disturbance  seems  to  be 
centred  in  the  will-power  rather  than  in  any  lesion  of  the  nervous 
system.   Cases  of  this  kind  may  or  may  not  at  the  time  of  the  acci- 
dent present  the  symptoms  of  true  shock.      "  It  is  a  singular  fact 
that  cases  attended  by  symptoms  of  shock  immediately  after  an 
accident  seldom  preseut  the  symptoms  peculiar  to  'shock  to  the 
nervous  system  '   '  (Gay).      The  subsequent  chronic  state  of  the 
patient  should  not  be  confounded  with   true  shock,   but  is  more 
closely  allied  to  the  condition  now  known  as  neurasthenia, 

and  sex  are  supposed  to  have  an  influence  in  producing 
shock,  but  it  is  not  probable  that  there  is  any  material  difference  in 
this  respect.  In  youth,  as  in  old  age,  the  nerve-centres  probably 
lore  readily  to  powerful  irritations,  and  this  may  also  be  said 
of  persons  whose  constitutions  are  enfeebled  by  alcohol  or  by 
disease. 

Great  precautions  should  be  taken  during  the  performance  of 
capital  operations  upon  very  young  children  as  well  as  upon  the 
aged,  and  the  condition  of  the  heart  and  kidneys  should  always  be 
inquired  into  in  all  cases  before  operation.  At  one  time  it  was 
supposed  that  individuals  in  robust  health  were  not  so  well  pre- 
pared to  undergo  a  severe  operation  like  amputation  of  the  hip- 
■  -■  who  were  already  somewhat  invalided  by  disease. 
In  the  former  class  of  cases  there  is  usually  the  history  of  a  severe 
accident  with  its  attendant  shock  and  hemorrhage.  Obviously  in 
the  second  class  of  cases  the  operation  would  be  performed  with 
ill  the  advantages  that  a  previous  preparation  of  the  patient  could 
give. 

re  have  already  been  briefly  alluded  to  the  symptoms  of  shock 
pical  case.  The  most  striking  of  these  symptoms  to  the 
observer  is  the  sickly-white  hue  of  the  skin,  the  thin,  pale  lips,  and 
the  contracted  features:  the  expression  of  the  face  is  frequently  so 
altered  that  it  is  difficult  to  recognize  a  friend.  The  pupils  are  but 
altered,  but  the  eyes  are  sunken  in  their  sockets.  The  sur- 
face of  the  body  is  cold  everywhere  to  the  touch,  the  hands  are 
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blanched,  and  the  fingers  and  nails  exhibit  a  bluish  color. 
sensation  of  pain  is  more  or  less  diminished,  but  a  disturbance 
the  crushed  limb  will  cause  the  patient  to  emit  a  feeble  and  hoi 
cry. 

Muscular  action  is  greatly  enfeebled,  so  that  voluntary  m< 
ments  are  made  but  seldom.  The  exci  to- motor  functions  in  se\ 
shock  are  gravely  impaired.  The  lids  do  not  close  when  the  c 
junctiva  is  irritated.  Deglutition  is  difficult.  The  anal  sphim 
is  relaxed,  while  the  uritie  is  retained.  sl  Under  such  circumstani 
especially  when  the  fifth  and  glossopharyngeal  nerves  fail  to  exi 
any  response  in  the  nerve-centres,  the  gravest  fears  may  be  en 
tained  that  respiration  itself  will  momentarily  yield"  (Jords 
The  inspirations  are  shallow,  but  are  occasionally  accompanied 
sighing  and  convulsive  tremors. 

There  is  no  coma,  but  the  mental  condition  is  one  of  more 
less  sluggishness,  due  doubtless  to  the  central  anaemia.  The  ci 
dition  of  the  pulse  varies  with  the  degree  of  shock.  In  the  milt 
forms  it  is  frequently  slower  than  normal,  but  it  is  more  couipr 
sible.  In  the  graver  forms  it  is  small,  fluttering,  and  at  times  aim 
imperceptible.  Tlie  thread-like  pulse  is  under  these  circuinstan( 
usually  more  rapid  than  normal,  the  heart  apparently  endeavorii 
to  compensate  by  frequent  action  for  the  feebleness  of  the  eurrei 
The  strength  of  the  pulse  is  a  most  important  guide  to  the  surgw 
in  estimating  the  severity  of  the  shock.  A  more  accurate  gan| 
of  the  degree  of  shock  is  to  be  found  in  the  temperature.  1 
determine  this'point  the  thermometer  should  be  placed  in  the  re 
turn,  and  if  a  fall  of  two  degrees  below  the  normal  point  is  regi 
tered,  the  amount  of  shock  is  sufficient  to  contraiudicate  operati' 
interference.  Much  lower  temperatures  have  been  recorded  fro 
observations  taken  by  placing  the  thermometer  in  the  axilla.  Tl 
secretions  are  often  much  diminished  or  are  altered  iu  their  ch 
racter.  The  urine  is  scanty;  the  catamenia  may  suddenly  cease < 
may  appear.  Many  writers  relate  instances  of  suppression  of  la 
tatiou.  A  woman  suddenly  threw  herself  between  two  soldiers 
Save  the  life  of  her  husband.  The  chemical  condition  of  her  mi 
was  so  altered  immediately  after  that  the  child  at  the  breast  w 
poisoned  by  it.  The  great  amount  of  cold  sweat  upon  the  forehei 
has  been  explained  by  the  relaxation  of  the  mouths  of  thi 
ducts.  Vomiting  is  regarded^  by  some  as  the  primary  sign  i 
reaction.  One  of  the  first  evidences  of  this  change  is  the  rehw 
ing  color  of  the  face  and  the  strengthening  of  the  heart* s  actio 
Formerly  it  was  supposed  that  the  symptoms  now  recognized 


traumatic  fever  were  simply  due  to  the  rebound  of  the  system  from 
the  condition  of  shock,  and  that  they  were  to  be  expected  as  a 
natural  sequence.  Reaction  is,  however,  in  reality,  simply  a  return 
of  the  system  to  its  normal  condition.  The  various  functions 
should  therefore,  in  a  case  which  has  been  treated  antiseptically 
or  where  no  wound  was  present,  reappear  in  their  natural  state  of 
activity.  The  pulse  becomes  stronger  and  fuller,  the  skin  dry  and 
wanner,  and  the  respirations  are  deeper.  The  mind  regains  its 
self-possession,  and  the  temperature  returns  to  the  normal  standard. 
In  making  the  dijfficrefUuU  diagnosis  there  are  many  conditions 
formerly  attributed  to  shock  to  be  considered  which  now  are  recog- 
nized as  due  to  other  causes.  It  is  only  in  the  gravest  forms  of 
hemorrhage  that  the  patient's  condition  is  likely  to  be  mistaken 
for  one  of  shock.  The  anaemia  from  loss  of  blood  can  readily  be 
uished  from  shock,  as  it  comes  on  gradually,  perhaps,  from 
recurring  hemorrhages,  and  is  an  affection  of  a  more  chronic  type. 
When,  however,  the  patient  succumbs  to  bleeding  from  some  large 
vessel  or  in  consequence  of  the  laceration  of  numerous  vessels  in 
\tensive  wound,  his  condition  very  closely  resembles  that 
of  shock.  John  Bell  has  given  a  vivid  picture  of  such  a  case: 
"The  face  becomes  all  at  once  deadly  pale,  the  circle  around  the 
eyes  is  livid,  the  lips  are  black,  and  the  extremities  are  cold.  The 
patient  faints,  recovers,  and  faints  again,  with  a  low,  quivering 
he  has  nausea,  and  his  voice  disappears.  There  is  an 
is  and  incessant  tossing  of  the  aims  with  restlessness,  which 
most  fatal  sign  of  all.  He  tosses  continually  from  side  to 
side;  his  head  falls  down  in  the  bed;  at  times  he  suddenly  raises 
his  head,  gasping  for  breath,  with  inexpressible  anxiety;  the  toss- 
iog.of  the  limbs  continues;  lie  draws  long  and  convulsive  sighs; 
the  pulse  flutters  and  intermits  with  the  breathing  more  and  more, 
and  he  expires."  The  prominent  distinctive  features  of  hemor- 
rhage are  the  anxious  expression  of  the  face,  the  tossing  about 
of  the  arms,  the  great  restlessness,  and  the  frequent  attacks  of 
•pe. 
Acute  septic  poison,  particularly  that  occurring  after  operations 
or  injuries  of  the  abdominal  cavity,  presents  frequently  a  group 
! Symptoms  which  might  readily  be  mistaken  for  shock.  A  per- 
foration of  the  intestine  may  have  taken  place,  or  a  gunshot  injury 
of  the  bowel  has  permitted  the  escape  of  the  contents  of  the  intes- 
tine into  the  peritoneal  cavity.  In  a  few  moments'  time  the 
ippearance  of  the  individual  changes  and  the  symptoms  of  col- 
lapse are  well  marked* 
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In    fat-embolism   there  exists  another  cause  of  sudden  dca 
after  injuries.     Fluid  fat  may  be  taken  into  the  open  vessels  a 
be  carried  by  the  lymphatics  into  the  circulation.     Fractures 
bones  furnish  the  most  typical  example  of  this  complication,  as 
also  ruptures  and  contusions  of  the  liver  and  severe  contusions 
the  skin  and  subcutaneous  fat.     Acute  suppurations  in  tissues  ri 
in  fat  may  also  produce  fat-embolism.      It  is  also  found  in  a  gTeal 
or  lesser  degree  in  acute  osteomyelitis.     The  most  frequent  sc 
of  these  emboli  are  the  lungs.     After  reposing  for  a  brief  time 
the  vessels  of  the  lung,  the  fat-drops  are  carried  onward  and  d: 
tributed   to  various  organs,  such  as  the  heart,  capillaries, 
brain,   muscles,  and   kidneys,  whence  they  finally  disappear. 
is  only  when   large  amounts  of  fat  accumulate  in  this  way  m  ^ 
capillaries  of  the  lung  that  a  fatal  result  is  brought  about.     T 
symptoms  of  this  complication,  which  occurs  within  tvventy-Fc 
or  forty-eight  hours  after  an  injury,  are  sudden  pallor,  irregul 
heart-action,   dyspnoea,   perhaps   haemoptysis,   or   convulsions 
death.      Fat  will  be  found  in  the  urine. 

The  presence  of  air  in  the  vessels  in  small  quantities  has 
shown  by  experiment  not  to  be  injurious,  but  when  a  large  quan 
tity  lias  been  introduced  during  a  surgical  operation  the  heart  au 
be  filled  with  air,  and  then  is  unable  to  contract.  Death  unde 
such  circumstances  will  be  instantaneous,  and  will  be  attende 
with  the  symptoms  of  syncope.  This  extremely  rare  occurrenc 
can  only  happen,  according  to  Hare,  when  a  pint  or  more  of  a 
has  been  introduced  at  once  into  the  circulation. 

Fainting  or  syncope  is  regarded  by  Travers  as  differing  otih  i 
degree  from  shock.  It  has  already  been  shown  that  syncope  isdc 
to  disturbances  of  circulation  only.  Preliminary  nausea, 
in  the  ears,  and  dizziness,  followed  by  a  fainting  fit,  during 
the  patient  is  temporarily  unconscious,  are  symptoms  of  acute  cer* 
bral  anaemia,  and  not  of  shock.  In  concussion  of  the  brain  tbe? 
are,  according  to  Fischer,  an  arterial  ana?mia  and  venous 
The  experiments  of  Koch  and  Filene  showed  no  central  lesio 
and  they  conclude  that  the  vaso-motor  centre  is  not  only  affectet 
but  that  all  other  cerebral  centres  of  activity  are  temporarily  ex 
hausted  and  paralyzed.  There  is  here  a  condition  closely  resem 
bliug  that  which  in  the  cord  and  medulla  is  called  *' shock.' 
Some  writers,  however,  point  out  that  there  must  be  some  phy; 
ical  change,  for  the  brain  is  never  fully  restored  to  its  former  cot 
dition,  as  the  memory  of  what  has  happened  immediately  beta 
the   injury   never  returns,    and   in   this   respect   concussion  dint 


from  shock  in  its  nature.     Duret  has,  in  fact,  observed  a  lacera- 
tion of  die  floor  of  the  fourth  ventricle,  due  to  the  forcing  of  the 
:  il  fluid  from  the  lateral  ventricles  through  the  aqueduct  of 
is,  which    is   thus  dilated,   into  the  fourth   ventricle.     The 
,toms  of  concussion  are,   however,   essentially  different   from 
those  of  shock:  there  are  both  insensibility  and  a  slow  and  full 
|g*  symptoms  which  are  sufficiently  characteristic. 
the  prognosis  of  shock  is  uncertain  and  doubtful.     Shock  may 
be  fetal  within  the  space  of  a  few  seconds,  or  the  patient  may  live 
one  or  two  days  and  finally  die.     According  to  Cheever,  if  reaction 
does  not  set  in  within  eighteen  hours  after  the  injury,  it  never 
comes.    Among  the  symptoms  that  enable  us  to  judge  best  of  the 
patient's  condition   may  be  mentioned,  first,  the  pulse,  which  can 
lamined  with  the  least  disturbance  of  the  patient.     A  patient 
may  live  iu  a  pulseless  condition  for  several  hours,  but  if  appro- 
rinedies  and  nursing  fail  speedily  to  restore  a  semblance  of 
'ion  at  the  wrist,  the  condition  of  the  patient  may  be  regarded 
as  most  grave.     Perhaps  a  more  accurate  guide,  on  account  of  its 
independence  of  the  emotions  of  the  patient,   is  the  temperature. 
To  determine  the  temperature  properly  the  thermometer  should 
be  placed  in  the  rectum.     A  temperature  of  96 °  F.  is  regarded 
lard  as  indicating  severe  shock,  and  is  one  which  contra- 
any  surgical  operation. 
Loss  of  power  in  swallowing  is  considered  a  symptom  particu- 
larly unfavorable.     This  indicates,  according  to  Mansell-Moullin, 
an  inhibition   of  the   glossopharyngeal   centre,  which  is  in    the 
immediate  vicinity  of  other  vital  ceutres.     The  same  import  may 
be  attributed  to  insensibility  of  the  conjunctiva,   indicating  that 
the  fifth  pair  of  nerves  is  also  implicated.     Persistent  vomiting, 
ng  great  irritability  of  the  stomach,  and  relaxation  of  the 
sphincters,  are  signs  that  a  fatal  termination  is  close  at  hand. 
Fortunately,  in  man  much  can  be  done  toward  the  pro- 

He   treatment   of   shock.      Cheever  calls   attention   to   the 
n  of  the  operative  procedures  of  modern  surgery  to  shock, 
a  warning  voice  against  many  of  its  attendant  dangers. 
ier  anaesthetics,  often  needlessly  prolonged,  are  ex- 
hausting, and  modern  dressings  are  apt  to  be  tedious  and  chilling, 
it  care  should  be  taken  against  exposure  of  the  patient,  and  a 
special  costume  is  often  advisable  for  the  proper  protection  of  the 
trunk  or  of  the  extremities. 

Wet  cloths  and  irrigations  favor  evaporation  and  rapid  loss  of 
heat     The  axillae,  the  thorax,  and,  above  all,   the  abdomen,  are 


especially  prone  to  deleterious  chilling.  The  prolonged  expc 
or  the  handling  of  certain  orgaus,  such  as  the  brain  or  the  ii 
tines,  is  liable  to  produce  shock.  If  a  capital  operation  is  t< 
performed  upon  a  feeble  subject,  every  detail  of  the  opera 
should  carefully  be  planned  beforehand,  and  a  systematic  e 
should  be  made  to  reduce  to  a  minimum  the  time  consume* 
moving  the  patient  from  his  bed  to  the  operating  table  and  1 
again.  Many  details  which  on  ordinary  occasions  seem  impor 
should  be  sacrificed  to  the  more  important  element  of  time, 
scale  may  be  turned  at  the  last  moment  against  a  patient  who 
successfully  endured  the  ordeal  of  an  amputation  at  the  hip-j 
by  too  much  attention  on  the  part  of  the  surgeon  to  some  elabc 
detail  of  suture.  "The  old  method  was  a  matter  of  minutes: 
it  is  one  of  hours"  (Cheever).  Inasmuch  as  many  of  the  feat 
of  aseptic  surgery  have  been  simplified,  may  we  not  aspire  to 
to  modern  skill  the  speed  of  a  former  generation  ? 

The  moment  when  to  operate  in  a  case  of  shock  is  a  poiti 
which  the  practice  of  different  surgeons  diners  greatly.  In  c 
of  severe  shock  it  is  manifestly  bad  surgery  to  add  the  shock  o! 
operation  to  that  already  existing,  but  it  is  often  a  question  whe 
the  presence  of  a  mangled  and  bleeding  limb  does  not  retard  or 
vent  reaction.  While  waiting  for  operation  the  patient  lies  u 
the  table,  the  limb  is  encircled  by  the  tourniquet,  and  the  re| 
and  care  so  important  to  him  at  such  a  crisis  cannot  be  obtaii 
More  harm,  however,  is  done  by  early  operations  than  by  prolon 
waiting.  A  few  hours  of  such  rest  and  treatment  as  can  be  obtai 
often  enables  the  patient  to  regain  sufficient  power  to  earn 
safely  through  the  ordeal  of  an  operation. 

Whatever  is  done  at  this  time  should  be  so  planned  as  to 
scrupulously  all  unnecessary  fatigue.  Rough  handling  and  i 
quent  shifting  of  the  patient  are  manifestly  out  of  place  "whei 
feather  turns  the  scale.1'  Paget  says:  "There  is  perhaps  no  c 
in  the  management  of  which  the  courage  to  do  little  is  more  need 
Great  energy  of  treatment  may  do  great  mischief." 

The  patient  should  be  placed  as  quietly  and  as  gently  as  possi 
on  the  bed  where  he  is  to  remain  permanently  until  reactior 
established.  The  foot  of  the  bed  should  be  raised,  so  that  the  m 
heart  may  be  able  to  nourish  the  exhausted  vital  centres  with  bio 
Next  in  importance  to  perfect  rest  is  the  application  of  heat  to 
body.  Hospital  operating  tables  should  be  so  arranged  that  diffu 
heat  may  be  brought  in  contact  with  the  patient  during  the  opi 
tion  and  the  previous  period  of  waiting.     Heat  should  be  a| 
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to  the  extremities  and  to  the  neighborhood  of  the  heart.     Great 

care  should  be  taken,  particularly  in  the  case  of  the  patient  under 

anaesthesia,  to  avoid  burning  the  skin.     An  arrangement  by  which 

dry  heat  could  be  conveyed  from  the  hot-air  register  to  the  bed 

itself  would  accomplish  this  object  better  than  in  any  other  way, 

ami  would  have  the  great  advantage  of  avoiding  disturbance  of  the 

patient 

In  cases  of  severe  shock  it  is  thought  advisable  by  some  to  per- 
form "auto-transfusion;"  that  is,  to  bandage  the  extremities  so 
that  the  circulation  may  be  limited  to  a  confined  area  where  the 
tsentia]  to  life  are  situated.  Such  a  method  involves 
dangerous  handling,  and  its  employment  should  be  advised  in 
exceptional  cases  only,  when  other  and  better  remedies  are  not 
available. 

Transfusion  is  now  abandoned,  but  there  may  be  resorted  to,  in 
cases  of  shock  attended  with  great  loss  of  blood,  infusion  of  a  warm 
•all  solution: 

Sodii  chlorid,,  3iss. 

Sodii  bicarb.,  gr.  xv. 

Aq,  desk,  Oij. — M. 

The  salt  solution  may  be  introduced  either  into  the  median  cepha- 
lic vein  or  into  the  loose  subcutaneous  tissue  of  the  abdominal  walls. 
Patients  endeavor  to  supply  the  deficiency  of  fluid  at  the  vital  centres 
by  drinking  large  amounts  of  water.  If  the  water  is  well  borne,  there 
is  no  objection  to  its  use,  but  in  an  irritable  condition  of  the  stomach 
it  is  not  likely  to  be  retained, 

Enemata  of  water  are  very  valuable  under  these  circumstances. 
Mumford  recommends  hot  enemata  of  a  weak  salt  solution.  A 
quart  might  be  given,  and  be  repeated  in  half  an  hour.  The  solu- 
tion in  the  exsangtiined.  state  of  the  patient  is  absorbed  with  aston- 
ishing rapidity  from  the  lower  bowel.  Lange  administers  a  pint 
-lerof  the  temperature  of  the  body,  with  the  addition  of  some 
!ant%  mostly  claret,  during  long  operations.  This  allows  of 
absorption  before  it  is  too  late.  Later,  there  may  be  given  nutrient 
enemata  largely  diluted — peptonized  beef-juice,  milk,  and  eggs — 
npto  four  or  five  ounces,  with  the  addition  of  half  a  pint  or  more 
of  warm  water.  The  enema  should  be  administered  through  a 
flexible  catheter  attached  to  a  short  rubber  tube  and  funnel.  By 
this  means  high  injections  may  be  given. 

Stimulants  given  by  the  stomach  should  form  an  important  ele- 
ment in  the  treatment  of  shock.     To  strengthen  the  heart's  action, 
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and  at  the  same  time  to  relieve  nausea,  black  coffee  should  be  ghw 
in  small  and  frequent  doses;  it  may  be  given  alone  or  in  conjun 
tion  with  brandy.  In  giving  alcohol  care  should  be  taken  not 
overload  the  stomach.  Champagne  or  brandy  and  soda  is  oft< 
well  borne.  Brandy  may  be  injected  hypodermically  when  the  erne 
gency  is  great,  but  it  should  not  be  regarded  as  a  matter  of  routin 
and  should  only  be  used  when  other  and  more  efficient  means  c 
stimulation,  such  as  have  already  been  mentioned,  cannot  safely  I 
employed.  The  writer  is  somewhat  sceptical  as  to  the  absorptio 
of  remedies  injected  into  the  subcutaneous  tissue  of  an  extremit 
during  severe  shock.  The  thick  fatty  layers  which  underlie  th 
integument  of  the  thorax  and  abdomen  are  more  suited  for  hyp* 
dermic  medication. 

Of  drugs,  opium  is  probably  the  most  valuable.  In  small  do^ 
it  is  stimulating,  and  it  brings  about  a  condition  of  repose  wh% 
is  of  the  utmost  value.  It  should  be  given  subcutaneonsly  or  j 
the  rectum.  Digitalis  is  also  a  powerful  cardiac  restorative:  as  it 
not  usually  well  borne  by  the  stomach,  it  may  also  be  administers 
subcutaneonsly  or  by  enema.  It  should  be  given  in  large  doses 
if  used  at  all.  Nitro-glycerin  also  strengthens  a  failing  heart.  U 
may  be  given  in  doses  of  ^hi  gr->  a"d  's  often  of  service  when  digi- 
talis fails  to  produce  the  desired  result.  Strychnine  may  be  placed 
upon  the  list  of  drugs  available  in  such  emergencies:  it  is  highly 
prized  by  Grceningen.  A  good  diffusible  stimulant  is  aromatic 
spirits  of  ammonia,  which  has  the  advantage  of  being  well  bone 
by  the  stomach.  It  is  a  useful  drug  to  employ  in  the  least  giftft 
forms  of  shock. 

Remember  always  that  the  condition  the  surgeon  has  to  dea 
with  is  one  of  exhaustion,  and  that  rest  is  needed  for  repair. 


XII.    FEVER. 

To  have  a  clear  understanding  of  the  nature  of  the  process 
known  as  it  will  be  necessary,  first,  to  study  the  laws  gov- 

iag  the  mechanism  which  maintains  the  human  body  at  a  con- 
it  temperature.     The  normal  temperature  of  a  human  being  in 
te  of  health  is  370  C,  or  98. 40  F.,  and  it  possesses  this  pecti- 
,  that  under  most  varied  conditions,  in  the  tropics  and  in 
Arctic  regions,   there  is  an  extremely  slight  variation   from  these 
figures.    The  stability  of  temperature  observed  in  man  is  shared 
by  birds  and  mammals,  and  the  arrangement  by  which  this  standard 
.served  is  known  as  thcrmotaxis  or  heater egul at  t< 
The  body  constantly  produces  heat  by  a  process  of  combustion, 
introduced  into  the  tissues  and  carbonic  acid  being 
Enough  heat  is  thus  manufactured  to  raise  the  tem- 
perature of  the  body  1 :   C.   to  half  an  hour.     Were  there  not  at 
the  same  time  a  corresponding  loss  of  heat,  the  temperature  would 
|8°  C.  in  twenty-four  hours — a  height  which  would  be  incom- 
patible with  life. 

To  maintain  a  proper  temperature  it  is  necessary,  therefore,  that 

there  should  not  only  be  a  given  production  of  heat  and  provision 

lor  a  continuous  dissipation  of  the  same,  but  there  must  also 

exist  a  mechanism  by  which  the  two  processes  are  balanced,  so  that 

the  temperature  shall  remain  at  its  normal  height 

If  the  production  of  heat  should  at  any  time  exceed  the  loss, 
the  temperature  would  immediately  rise;  if  the  production  should 
happen  to  be  less  than  the  amount  given  off,  there  would  be  a  fall 
of  temperature.     As  a  matter  of  fact,  both  of  these  processes  are 
subject  to  considerable  variation.     After  taking  food  there  is  an 
increase  in  the  amount  of  heat  produced,  and  a  still  greater  increase 
muscular  exercise;  during  rest  and  sleep  the  amount  produced 
is  somewhat  diminished.     Under  similar  conditions  there  is  a  cor- 
responding change  in  the  amount  of  heat  that  is  given  off  from  the 
The  flushed  face  of  one  who  has  just  risen  from  a  luxurious 
the  warmth  and  moisture  of  the  skin  and  the  increased  res- 
ration  following  active  exercise,  are  indications  that  the  regu- 
\g  process  is  at  work,  and  that  the  increased  heat-production  is 
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being  offset  by  the  cooling  down  of  the  unusual  amount  of  blood 
exposed  on  the  surface  to  the  influence  of  the  surrounding  air  and 
by  the  increased  evaporation. 

In  estimating  the  temperature  of  the  body,  particularly  when 
making  scientific  experiments,  it  is  important  to  remember  that  all 
parts  are  not  equally  warm.  The  body  may  be  likened  to  a  heated 
globe  whose  centre  has  a  uniform  temperature:  a  thermometer 
introduced  gradually  will  grow  warmer  until  it  reaches  this  central 
point,  when  the  temperature  will  become  constant.  The  surface 
will  have  a  considerably  lower  temperature,  owing  to  the  cooling 
process  which  is  going  on,  and  between  the  two  there  will  be  an 
intermediate  layer  whose  breadth  will  vary  according  to  the  amount 
of  cooling  down  the  globe  is  subjected  to.  These  inequalities  are 
greatly  modified  by  the  circulating  blood.  If  there  has  been  an 
increased  amount  of  heat  produced,  the  warmer  blood  will,  on 
coming  to  the  surface,  expend  some  of  its  heat  in  wanning  up  this 
layer,  and  will  further  be  cooled  by  contact  with  the  surrounding 
cooler  medium. 

It  appears,  therefore,  that  there  is  an  automatic  arrangement 
which  seems  to  protect  the  human  body  from  the  ordinary  changes 
to  which  it  is  daily  subjected;  but  that  this  works  only  within  cer- 
tain limits  is  evident  from  the  arti6cial  aids  which  are  necessary  to 
man  to  keep  the  temperature  normal.     Light  clothing  and  cooling 
drinks  favor  heat-elimination  when  the   atmosphere  is  unusually 
warm;  the  cool  water  taken  internally  not  only  lowers  the  tempera- 
ture of  the  interior  slightly,  but  also  furnishes  abundant  fluid  to 
facilitate    evaporation   from    the  surface.      Further   protection  is 
given  also  to  animals  in   the  varying  thickness  of  their  furry  coats 
or  in  their  adipose  tissue  according  to  the  necessities  of  the  climate 
or  the  season.     Some  animals  are  less  able  to  preserve  their  normal 
temperature  than  others,  cats  and  rabbits  being  killed  easih 
cold  baths.      The  equilibrium  is  less  stable  in  children  than  in* 
adults. 

It  will  be  seen  that  the  change  in  the  calibre  of  the  vessels  0x3 
the  surface  of  the  body  is  an  important  factor  in  the  regulatio; 
the  temperature   in    man.     In   a   heated   atmosphere   the  vessels 
are  dilated,   the  skin  becomes  unduly  warm,  and  active  p 
tion  takes  place.     If  the  air  be  dry,  evaporation  will  be  favord 
greatly,  and  man  is  thus  able  to  bear  for  a  short  time  tempera- 
hires  so  high  that  it  was  at  one  time  supposed  that  the  power  to 
produce  cold  existed  in  the  body. 

If  an  animal  is  placed  in  a  chamber  heated  to  from  32°  1036* 
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great    increase  of   respiration    and    heart-pulsation   will    be 
observed;  also  dilatation  of  the  vessels  of  the  skin,   as  may  be 
:n   in  its  ears  and  in  other  places.     In  a  temperature  of  from 
42*2°  to  4a* 8°  C.  there  is  an  enormous  increase  of  respiration,  the 
pulse  cannot  be  counted,  all  the  vessels  are  dilated,  and  all  the 
muscles  are  relaxed;  the  pupils  are  also  dilated.     If  kept  long  in 
this  temperature,  death  occurs  from  paralysis  of  the  heart  and  the 
vessels.       Removal  of  the  animal  to  a  cooler  atmosphere  before 
death  will  be  followed  by  sinking  of  the  temperature  below  nor- 
mal.    This  fall  of  temperature  is  due  to  the  great  dilatation  of 
le  superficial  vessels,   causing  an  excessive  loss  of  heat.     The 
>w  temperature  observed  after  excessive  burns  is  caused  in  this 
iy,  the  dilatation  of  the  cutaneous  vessels  being  very  complete, 
ring  to  the  destruction  of  all   muscular  action   in  them.     It  is 
probably  some   such   disturbance  of  the   circulation   that   occurs 
hrions  to    "catching   cold,"   the  dilated   vessels  on  the  surface 
ilowing  the  blood  which  goes  to  the  internal  organs  to  become 
suddenly  cooled.      Anything  that  tends  to  weaken  the  contractility 
of  the  vessels*  like  too  great  care  in  protecting  the  surface  of  the 
body,  would  favor  catching  cold;  whereas  cold  bathing  exerts  a 
protective  action  by  restoring  the  tonus  of  the  vessels.     The  time 
of  the  year  when  sudden  changes  of  temperature  occur,  as  in  the 
early  spring,  is  prolific  in  such  affections,  rather  than  in  winter, 
when  the  cold  is  continuous.     Although  the  symptoms  produced 
by  the  long-continued  high  temperature  resemble  fever,   yet  the 
condition  is  not  fever,  for  the  temperature  found  to  exist  in  these 
experiments  is  due  to  the  storing  up  of  heat  in  the  body  owing 
to  a  diminished  loss,  and  not  from  an  increased  production.      The 
increased  chemical  changes  of  fever  are  also  not  present. 

On  exposure  to  cold  under  ordinary  conditions  the  skin  becomes 
cooled  and  the  heat-dissipation  is  considerably  interfered  with,  as 
oisture  is  now  exhaled;    and  when  the  degree  of  cold  is 
1  the  shivering  bears  evidence  to  marked   muscular  con- 
traction taking  place,  notably  in  the  muscles  of  the  skin  and  in 
the  blood-vessels,  the  skin  becoming  shrunken  and  the  condition 
ioown  as  goose-flesh  being  produced.     If  the  loss  of  heat  is  not 
sufficiently  checked  in   this  way,   active   muscular  exercise   will 
kvot  a   restoration    of   the  normal    temperature    by  an    increased 
iiction   of   heat.       If   a   large   amount    of   heat   is   suddenly 
-acted  from  the  body,  as  in  a  cold  bath,  the  usual  mechanism 
frfiich  regulates  the  heat-loss  will  not  be  sufficient  to  maintain  the 
emperature,  and  it  is  interesting  to  find  that  under  these  circum- 
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stances  as  much  as  three  or  four  times  the  normal  amount  of 
may  be  produced.     The  prompt  reaction  that  follows  the  cold 
in   healthy  individuals  is  probably  due  to  this  fact.     The  re$ 
tion  of  heat-dissipation   is  effected  by  the  vase-motor  appars 
this  is  partly  accomplished  by  the  direct  action  of  the  change 
the  temperature  upon  the  surface  of  the  body  and  partly  by  r< 
action  through  the  sensitive  nerves.     The  dilatation  of  the  ve 
in  a  heated  skin   is  evidently  due  to  a  vaso-motor  parah 
the  profuse  perspiration   which  accompanies   it   is   not   so  e« 
explained.      Whether   to  ascribe  it  to  hyperemia  of  the  sudc 
arous  glands   or  to   stimulation  of  special  nerves   presiding  < 
their  functions  remains  still  to  be  determined  definitely. 

Given  a  steady  production  of  heat,  regulation  is  effected 
varying  the  amount  of  heat  eliminated  from  the  body;  bu 
there  is  a  long-continued  or  excessive  loss  of  heat,  as  in 
experiment  of  the  cold  bath,  then  regulation  must  be  efie< 
by  increasing  the  amount  of  heat-production.  Let  the  att 
tion  therefore  now  be  turned  to  the  sources  of  heat-production 
health. 

Many  experiments  show  that  muscular  action  is  followed  by 
increase  of  temperature  in  the  muscles.  They  constitute  net 
one-half  the  whole  mass  of  the  body,  and  are  said  to  prod 
four-fifths  of  the  heat  in  health,  and  even  more  in  fever, 
comparison  of  the  electrified  and  the  quiescent  nerve  indies 
the  power  of  nerve-tissue  to  produce  heat.  Glands  at  the  ti 
of  their  function  are  a  fruitful  source  of  heat.  It  is  gener; 
conceded  also  that  in  all  tissue  heat  is  produced  during  the  assi 
lation  of  nutritious  material.  Of  these  tissues,  the  muscles  n 
be  regarded  as  the  chief  source  of  heat,  for  in  them  the  oxidal 
is  most  active.  Even  when  at  rest  a  large  amount  of  carbt 
acid  is  found  iu  the  venous  blood  which  comes  from  them, 
during  severe  muscular  action  the  amount  of  carbonic  acid  exhj 
may  be  increased  five-fold. 

There  has  already  been  mentioned  an  increased  productioi 
heat  in  the  cold  bath;  that  is,  when  a  large  amount  of  ben 
denly  abstracted  from  the  body.  This  has  been  explained  bi 
irritation  of  the  peripheral  nerves  through  change  of  tempera 
of  the  skin,  producing  a  reflex  action  on  the  nerves  going  tc 
ternal  organs,  which  nerves  probably  bear  some  relation  to 
oxidation-processes.  The  tissue-metamorphosis — or  metabolism 
it  is  sometimes  called — in  the  muscles  at  rest  is  not  only  affectw 
cold,  but  it  can  also  be  increased  by  strychnine  and  other  irriu 


:an  be  diminished  or  stopped  entirely  by  curare.  This  drag 
yzes  the  terminal  fibres  of  the  nerves  and  thus  deprives  the 
:les  of  their  innervation;  hence  the  bright  arterial  color  of 
us  blood  and  the  diminished  gas-changes  in  curarized  ani- 
»  In  cases  of  paralysis  the  tissue-change  in  muscles  is 
cedly  affected. 

'be  idea  of  an  increase  in  the  amount  of  heat-production 
Bgh  the  nerves  is  not  a  new  one.  It  is  a  well-known  clinical 
that  injuries  to  the  upper  part  of  the  cord  have  been  followed 
fall  of  the  temperature  below  normal:  in  a  case  of  crushing 
je  cord  at  the  fifth  cervical  vertebra,  reported  by  Hutchinson, 
temperature  fell  to  930  F.  In  a  case  of  injury  in  the  nie- 
ithe  temperature  rose  as  high  as  no°  F.  In  cases  of  paral- 
trifling  disturbances,  such  as  those  of  digestion,  will  cause  an 
ssive  rise  of  temperature  for  a  short  time.  In  cerebral  hem- 
ige  and  tumors  of  the  brain  there  occasionally  is  a  rise  of 
lerature  without  other  evidence  of  inflammation:  just  before 
immediately  after  death  there  may  be  an  excessive  rise,  the 
lerature  exceeding  1080  F. 

rethral  fever  has  long  been  cited  as  an  example  of  febrile  dis- 
ince  produced  by  reflex  action  as  the  result  of  local  irritation, 
n  the  vaso-motor  nerves  were  studied  by  Claude  Bernard,  he 
ght  that  the  sympathetic  was  a  check-nerve  to  heat-produc- 
and  that  the  chorda  tympani  had  the  opposite  function.  He 
fore  called  them  u  thermic  nerves,"  supposing  them  to  influ- 
directly  the  production  of  heat  going  on  in  the  tissues.  Brown - 
aid  showed,  however,  that  the  local  rise  of  temperature  in 
ard's  experiments  was  due  to  the  increased  flow  of  blood  to 
>art,  and  that  no  production  of  heat  consequently  took  place, 
hese  observations  led  to  a  series  of  experiments  to  determine 
her  there  existed  a  special  set  of  nerves  which  presided  over 
>roduction  of  heat,  the  so-called  "  exci to- caloric  nerves."  The 
motor  centre  has  been  placed  in  the  lower  part  of  the  floor  of 
Fourth  ventricle  by  Wood  and  others,  and  it  is  also  said  by 
writers  to  be  situated  in  the  anterior  portion  of  the  lateral 
tins.  The  best  authorities  are  as  yet  divided  on  the  question 
e  existence  of  a  special  set  of  thermic  nerves,  to  say  nothing 
:rmic  centres,  but  the  general  drift  of  opinion  is  at  present  set- 
strongly  in  favor  of  such  an  apparatus  presiding  over  the  pro- 
cm  of  heat  Ott  claims  to  have  discovered  four  heat-centres. 
mie  recent  observations  in  England  have  thrown  light  upon 
of  action  of  these  nerves  in  producing  heat  in  the  muscle. 
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MacAHster  has  succeeded  in  separating  the  heat-producing  or  ther- 
mogenic function  of  the  muscle  from  its  motor  function.  By  elec- 
tric stimulation  of  the  sciatic  nerve  of  a  frog  he  was  able  to  record 
the  rise  of  temperature  produced  simultaneously  with  motion.  It 
was  found  after  repeated  stimulation  that  the  thermometer  showed 
no  rise  in  temperature,  while  the  motive  power  was  still  unimpaired. 
The  same  independence  of  the  thermogenic  from  the  motor  func- 
tion was  observed  in  warm-blooded  animals  by  experimenting  with 
the  influence  of  cold  on  the  muscles.  He  concludes,  therefore, 
that  the  metabolism  by  which  motion  takes  place  and  that  which 
results  in  the  thermogenic  function  are  different.  The  ,l  contrac- 
tile stuff"  of  the  muscle  is  not  the  same  as  its  *'  thermogenic  stuff** 
They  act  differently  to  stimulation,  to  repairing  influences,  and  to 
cold. 

The  thermogenic  material  which  a  muscle  contains  is  conse* 
qutntly  acted  upon  by  nerves  which  keep  up  a  process  of  innervation 
in  the  muscle  whether  at  rest  or  in  motion. 

Gaskell  has  undertaken  to  show  that  this  process  of  innervation  us  of  a 
double  character.     He  found,  on  the  one  hand,  that  the  action  of  the  motor 
nerves  on  the  muscular  fibres  of  the  heart  produced  contractions  (by  means 
of  chemical   changes  in  the  muscle)  which  are  of  a  destructive  nai 
repeated  action  exhausts  the  "  contractile  stuff."    On  the  other  hand,  stim- 
ulation of  the  vagus  or  inhibitory  nerve  is  restorative  :  there  is  a  repair  of 
function  of  the  muscle  ;  the  chemical  changes  arc  in  this  case  construe 
The  fonner  action  is  called  "catabolism,"  the  latter  "  anabolism,"  or  assimi- 
lating or  trophic  action.     It  is  the  stimulation  of  these  nerves  by  change 
of  air,  agreeable  surroundings,  and  other  favorable  conditions  that  promi 
repair  of  the  tissues  and  increases  the  appetite  and  weight.     He  infers 
lb-    thermogenic  tonus  of  the  muscle  is  preserved  in  the  same  wa j 
opposing  innervations,  the  one  tending  to  build  up  the  thermogenic  stuff.  &ta«f 
the  other  disintegrating  it  by  the  process  of  oxidation.     Further,  Ga&k^jj 
found,  on  stimulating  the  motor  nerve  of  a  quiescent  muscle,  that  the  cotj. 
tracted   muscle  assumed  an  electrical  condition  different  from    that  of  tie 
uncontracted  or  negative  variation,  and  that  when  the  inhibitory*  net 
stimulated  the  muscle  exhibits  a  positive  \*ariation.     It  is  possible  \\\.\\ 
ther  experiment  will  show  that  on  stimulating  the  motor  nerve  there  will  br 
an  evolution  of  heat,  and  on  stimulating  the  inhibitory  nerve  the  muscle  will 
become  cooler. 

From  these  observations  MacAlister  concludes  that  the  muscles  of  the 
have  their  double  nerve-supply.     ' '  The  one  set  of  fibres  are  essen V 
bolic  :  they  set  up  disintegrative  changes  in  the  muscle,  which  are  mani 
first  by  thermogenesis,  and  secondly  by  contraction.    The  other  set  of  film, 
whose  path  is  perhaps  anatomically  different,  are  essentially  anabolic    tbry 
set  up  reconstructive  changes  in  the  muscle  which  are  manifested  by  iatula* 
tion  of  motion  on  the  one  hand  and  absorption  of  energy  on  the  ot!. 


It  is  thus  seen  that  the  normal  temperature  of  human  bodies  is 
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maintained  by  the  heat  produced  from  the  chemical  changes  which 
(It  from  the  innervation  of  the  tissues,  and  particularly  the  mus- 
cles, consisting  mainly  in  the  absorption  of  oxygen  and  the  elimi- 
nation of  carbonic  acid.     The  nervous  mechanism  presiding  over 
this  function  is  probably  somewhat  analogous  in  its  action  to  that 
.he  vaso-inotor  system,  by  means  of  which  the  elimination  of 
heat  from  the  body  is  effected.     The  stability  of  air-temperature  is 
largely  maintained  by  variations  in  the  amount  of  heat-dissipation, 
consequently  by  changes  in  the  circulation  in  the  surface  of  the 
body  and  by  evaporation  from  the  skin  and  the  lungs.     Changes  in 
heat-prod uction    are    occasionally   also   brought    about   by   reflex 
action.    Whether   this   action  is   accomplished  through  a  special 
regulating  centre  is  doubtful:  it  is  more  probable  that  the  nervous 
action  thus  aroused  is  exerted  through  thermic  nerves  than  through 
the  vaso-motor  system,  as  many  good  observers  still  suppose. 

The  reader  is  now  prepared  to  consider  the  nature  of  that  form 
constitutional  disturbance  which  is  accompanied  by  the  group 
symptoms  associated  with  the  name  of  fever.     The  most  promi- 
nt  and  constant  of  these  symptoms  is  the  rise  of  temperature* 
Although  it  has  long  been  recognized  that  the  body  was  warmer  in 
and  although  as  early  as  the  last  century  it  was  discovered, 
by  means  of  a  Fahrenheit  thermometer,  that  the  temperature  was 
raised  even  during  a  chill,  it  is  only  within  the  recollection  of  the 
present  generation  of  physicians  that  systematic  measurements  of 
the  temperature  were  undertaken,  and  that  the  relation  of  pyrexia 
to  fever  became  generally  recognized. 
Perhaps  the  earliest  symptom  of  fever  is  that  general  sense  of 
\t  and  discomfort  known  as  malaise;  but  if  the  patient  be 
examined  by  the  physician  at  this  time,  it  will  be  found  that  there 
is  already  a  slight  rise  of  temperature  and  an  increase  in  the  rapid- 
ity of  the  pulse.     The  skin  of  the  head  and  the  body  feels  warmer 
►  the  touch,  although  the  extremities  may  be  cold.     If  the  febrile 
ittack  is  severe  and  the  temperature  is  rising  rapidly,  this  condi- 
tion will  quickly  be  followed  by  the  group  of  symptoms  known  as 
\t  thill.     These  symptoms  are  a  sense  of  cold,  with  coolness  of 
skin,   particularly  the   extremities;   paleness  and  sometimes 
Inosis  of  the  face,  accompanied  with  involuntary  movements 
rembling  and  chattering.     The  duration  of  this  period  may 
pe  or  two  hours,  and  will  be   followed   by  a   sensation   of 
le   warmth.       The  face  will   be   found  flushed,  and    the  sur- 
>f  the  body  will  be  considerably  warmer  to  the  touch.     The 
It,    who  at   first   crouches  over   the  fire   or  covers   himself 
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with  many  blankets,  now  seeks  relief  by  removing  the  clothing 
If  the  rise  of  temperature — or  the  stage  of  invasion,  as  it  is  called- 
is  gradual,  the  chill  is  usually  absent.  The  second  stage  of  fevei 
or  fastigium,  is  that  during  which  the  temperature  remains  at  it 
highest  point.  This  stage  may  be  reached  in  a  few  hours,  or  it  ma 
be  several  days  before  the  period  of  invasion  has  been  completec 
The  second  stage  is  characterized  by  heat  and  dryness  of  the  skin 
by  dryness  of  the  tongue,  by  thirst,  by  scanty  urine,  and  by  head 
ache,  with  more  or  less  disturbance  of  the  nervous  system,  follows 
by  the  period  of  defervescence \  during  which  the  skin  becom* 
moist;  at  times  there  is  profuse  perspiration  and  the  temperatu* 
returns  to  normal.  During  convalescence  there  are  irregula- 
in  the  temperature,  which  may  be  slightly  raised  in  the  evening 
may  for  a  day  or  two  keep  below  the  normal  point;  the  teinperatv 
being  during  convalescence  susceptible  to  slight  irritations.  In  fcjj 
cases  there  may  be  a  rapid  fall  of  temperature,  even  below  the  tio, 
mal,  or  in  the  moribund  period  there  may  be  an  excessive  rise 
which  will  even  continue  for  a  short  time  after  death.  The  ten* 
perature  varies  in  individuals :  in  children  there  are  great  changes, 
and  it  frequently  runs  high;  in  old  people  the  rise  of  temperature 
is  not  so  great  During  the  attack  the  patient  will  have  lost  weight, 
and  the  emaciation  will  be  more  or  less  marked  according  to  the 
duration  of  the  fever. 

The  high  temperature  is,  as  will  be  seen,  justly  regarded  as  th< 
pathogenic  symptom  of  fever,  as  it  is  more  constant  than  any  othe: 
symptom.  There  are,  admittedly,  cases  in  which  the  temperature 
is  temporarily  pushed  up  above  the  normal  by  a  deficient  elimina- 
tion of  heat  (as  in  experiments  to  which  attention  has  already  beei 
called),  which  cannot  be  regarded  as  fever,  and  there  are  alsc 
instances  which  have  just  been  referred  to  when,  owing  to  a  grea 
loss  of  heat  or  to  fatal  complications,  the  temperature  may  fa" 
below  the  normal  point  during  the  progress  of  disease;  but  thes 
conditions  are  exceptional.  There  are  also  some  cases  of  excessi^ 
but  temporary  rise  in  temperature  in  nervous  diseases,  which,  k: 
some,  are  not  regarded  as  febrile  in  nature. 

How,  then,  shall  the  rise  of  temperature  be  accounted  for?  Oi 
of  the  earliest  attempts  to  explain  this  rise  was  made  by  Tranfe 
who  was  a  pioneer  in  the  study  of  the  temperature  in  fever.  H 
theory  was  based  on  vaso-motor  disturbances,  which,  he  suppose 
caused  a  contraction  of  the  arterioles  on  the  surface  of  the  bod 
thus  diminishing  greatly  the  heat-elimination.  When  the  pyr 
genie  material,  owing  to  its  amount  or  to  the  sensitiveness  of   tl 
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vasomotor  system,  makes  an  unusually  intense  impression,  a  rapid 
rise  of  temperature  follows :  in  this  case  there  would  be  a  great  dif- 
ference in  temperature  between  the  central  and  peripheral  portions 
of  the  nerves,  and  a  chill  would  be  the  result.     The  fall  of  the 
temperature  would  be  caused  by  a  relaxation  of  the  vessels  and  a 
consequent  increase  in  heat-dissipation.     According  to  this  theory, 
no  increased  production  of  heat  takes  place.     Since  then  it  has, 
however,  repeatedly  been  shown  that  there  is  not  only  an  increased 
production  of  heat,  but  there  is  also  an  increased  elimination.    The 
^rannth  perceived  by  the  hand  or  by  more  accurate  thermometrical 
tests  shows  that  more  heat  is  given  off  than  is  usual.     If  in  the 
mean  time  the  temperature  remains  the  same  or  increases,  more 
heat  must  necessarily  have  been  produced.     The  actual  amount  of 
heat  produced  can  be  determined  by  calorimetric  test,  the  amount 
of  heat-dissipation  within  a  given  time  being  thus  determined,  and 
tfae  heat-production  calculated  after  allowing  for  certain  changes 
of  temperature  occurring  during  the  experiment     It  may,  how- 
ever, be  determined  by  observing  the  oxidation  process,  as  will  be 
seen  presently. 

There  was  at  first  much  opposition  to  Traube's  view,  but  later 
ttiere  has  been  a  disposition  to  accept  the  theory-  of  a  diminished 
loss  of  heat  as  an  important  factor  in  the  production  of  fever. 
"Rosenthal  has  recently  shown  that  in  experiments  upon  animals 
"beat-loss  is  diminished  and  heat-production    is  not  increased   in 
fever;  Maragliano  found  that  antipyretics  act  by  causing  a  dilata- 
i  of  the  superficial  vessels,  and  that  when  the  action  of  the  drugs 
ceases  and  the  fever  returns  this  relapse  is  preceded  by  a  new  con- 
striction of  the  vessels ;  Walton  has  shown  by  experiment  that  the 
ims  of  fever  can  be  produced  by  a  primary  shutting  in  of 
heat,  but  he  accepts,  nevertheless,  the  view  of  increased  heat-pro- 
inn  in  fever. 

During  the  chill  it  may  be  assumed  that  there  is  a  greatly- 
incieased  amount  of  heat  produced,  while  the  loss  of  heat  is 
diminished,  owing  to  the  contraction  of  the  vessels  of  the  skin. 
Bv  this  contraction  the  heat-supply  is  also  prevented  from  reaching 
the  terminal  branches  of  the  nerves  in  the  skin,  which  is  the  ther- 
mic apparatus  by  which  heat  or  cold  is  perceived.  According  to 
Cohnheira,  the  variations  of  temperature  are  perceived  by  the 
ng  or  the  cooling  of  this  apparatus,  and,  owing  to  the 
cooling  of  these  nerves,  the  sensation  of  chilliness  is  thus  pro- 
duced, As  the  heat-loss  is  diminished,  heat  must  consequently 
be  heaped  up  in  the  interior  of  the  body,  and  the  temperature 
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must  rise  rapidly.     A  change  of  several  degrees  within  an  hour  is 
a  not  uncommon  occurrence  under  these  circumstances. 

Individuals  whose  regulating  apparatus  is  easily  disturbed  arc 
subject  to  slight  chills  from  various  causes.  Plxcessive  muscular 
action,  as  in  mountain-climbing,  may  increase  the  heat-production 
three-  or  four- fold,  and  if  the  heat-elimination  is  not  sufficiently 
active  or  if  it  is  too  suddenly  arrested,  a  rise  of  temperature  with^, 
chill  may  result.  Such  a  disturbance  may  prove  to  be  temporar^^ 
only,  but  serious  congestion  may  be  caused  in  this  way. 

By  the  time  the  second  stage  of  fever  is  reached  it  will  be  fou 
that  the  temperature  has  ceased  to  rise;  that  the  regulating  proce^^ 
is  not  entirety  suspended;  that  the  spasm  in  the  superficial  vi 
p-isses  off;  and  that  there  is  a  free  flow  of  blood  through  them, 
this  way  the  active  elimination  of  heat  is  re-established.  So^ 
authorities  look  upon  heat  as  an  excretory  product,  like  ur-- -^ 
Maclagan  says :  u  Increased  formation  of  any  excretory  pnxL  ^.  ' 
leads  to  a  stimulation  and  increased  activity  of  the  organ  l 
which  it  is  eliminated;*'  consequently  the  increased  heat-diss^Tg" 
tiou  soon  balances  the  increased  heat-production,  and  no  furt/Jer 
rise  of  temperature  takes  place.  A  more  careful  observation  of  a 
patient  at  this  time  will  show  that  there  are  great  irregularities  in 
the  heat-dissipation,  the  surface  temperature  changing  from  hoi: 
hour,  but  on  the  whole  the  amount  of  heat  lost  is  much  greater 
than  that  produced.  It  will  also  be  found  that  the  heat-production 
varies  somewhat  at  this  stage.  The  height  of  the  temperature  is, 
consequently,  the  result  of  the  balance  between  the  two. 

Heat-production  must  not  be  confused  with  high  temperature. 
The  temperature  may  be  high  with  a  moderate  production  of  heat 
only,  owing  to  diminished  loss  of  heat,  and  it  may  be  low  when  the 
production  is  high,  owing  to  an  excessive  elimination  of  heat 

It  may  be  surprising  to  learn  that  the  amount  of  heat  produced 
in  fever  is  really  not  much  greater  than  that  produced  by  a  s 
healthy  man  on  full  diet:  it  is,  however,  much  greater  than  that 
produced  by  a  well  man  on  fever  diet  and  at  rest;  but  the  chief 
point  of  difference  in  the  heat- production  of  the  sick  and  of  the 

•  well  man  is,  that  in  the  latter  the  extra  heat-production  is  limited 
to  periods  of  active  exercise  or  following  hearty  meals,  whereas  in 
the  sick  man  the  increased  production  is  going  on  continually. 
The  heat-elimination  in  fever  is  most  active  when  the  heat-pro- 
duction is  least;  that  is,  during  the  early  stages  and  height  of  the 
fever  it  is  irregular  in  its  action,  whereas  in  health  the  increased 
amount  of  heat  produced  at  any  time  is  rapidly  disposed  of  by  free 
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perspiration;  the  insensible  perspiration  is  also  more  abundant  and 
constant  than  in  fever.  The  two  factors  of  heat-regulation  are, 
therefore,  acting  more  or  less  independently  of  one  another  in 
fever. 

Coming  now  to  the  stages  of  defervescence,  it  is  seen  that  the 
temperature  is  beginning  to  fall:  this  appears  to  be  due  chiefly  to 
the  fact  that  the  production  of  heat  is  now  less  active.     The  elim- 
ination of  heat  is,  however,  greater  than  at  any  other  period  of  the 
•cr.     Whether  the  perspiration  seen  at  this  time  is  due  to  the 
ooding  of  the  cutaneous  vessels  with  warm  blood  or  to  an  irri- 
tioa  of  nerves  presiding  over  this  secretion  is  not  satisfactorily 
eternised. 

Under  certain  circumstances  the  temperature  runs  to  an  unu- 
lal  height,  and  the  condition  is  then  known  as  hyperpyrexia,  the 
iperature  ranging  from  1080  F.  to  no°  F.     This  condition  is 
explained  in  different  ways :  by  some  it  is  supposed  to  be  caused 
y  imperfect  elimination  of  heat,  which  function  has  become  so 
irofoundly  disturbed   that  the  heat- production  cannot  stimulate  it 
into  action. 

The  question  now  naturally  arises,  What  is  the  cause  of  the 
increased  heat-production  in  fever  ?  It  was  supposed  at  one  time 
that  local  inflammation — of  a  wound,  for  instance — was  the  source 
of  heat-production.  The  amount  is,  however,  far  too  little  to  pro- 
duce any  material  change  of  temperature.  It  has  already  been 
shown  that  the  oxidation-processes  are  a  source  of  heat  in  health, 
and  it  has  long  been  known  that  the  amount  of  carbonic  acid 
exhaled  from  the  lungs  and  of  urea  excreted  by  the  kidneys  is 
gTeatly  increased  in  fever.  Experiments  on  fever  patients  have 
shown  that  the  amount  of  carbonic  acid  eliminated  may  be 
increased  from  70  to  80  per  cent,  and  that  during  the  chill  two 
and  a  half  times  the  normal  amount  may  be  given  off.  It  is  only 
qnite  recently  that  it  has  been  definitely  determined  that  there  is 
an  increased  absorption  of  oxygen  going  on  at  the  same  time. 
Elaborate  observations  by  Lilienfeld  showed  that  both  of  these 
gases  were  proportionately  increased  in  fever — that  the  change 
was  not  qualitative,  but  quantitative.  He  proved  also  that  this 
increase  is  greatest  with  the  rise  of  temperature,  that  the  inter- 
change of  these  gases  is  somewhat  less  active  at  the  height  of  the 
fever,  and  that  during  the  defervescence  it  sinks  somewhat  below 
the  normal.  He  further  finds  that  the  oxidation  is  not  most  active 
when  the  temperature  is  highest,  but  is  most  active  before  the  latter 
:kedly  raised  and  in  the  early  stages  of  a  rapid  rise;  moreover, 
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that  these  processes  go  on  just  the  same  in  fever  if  the  temperature 
is  kept  down  by  some  artificial  means,  such  as  a  cold  bath.  \{t 
therefore  concludes  that  the  increased  combustion  in  fever  is  not 
the  result  of  increased  temperature — that  it  can,  indeed,  take  place 
independently  of  the  latter — but  that  it  is  one  of  the  factors  which 
combine  to  cause  the  rise  of  temperature.  There  is  also  an  in. 
creased  amount  of  urea  usually  excreted  before  the  rise  of  tcm. 
perature  begins,  which  is  additional  proof  that  metabolism  precedes 
fever. 

Lilienfeld  further  found  that  in  the  cases  in  which  the  temper. 
ature  was  kept  down  by  the  cold  bath  the  oxidation-processes  were 
more  active.  This  corresponds  with  what  has  been  observed  in 
health  when  a  man  is  placed  in  a  cold  bath,  and  is  further  proof 
that  the  regulation  of  the  body-temperature  continues  in  fever  as 
in  health,  although  not  so  accurately. 

It  has  already  been  shown  that  the  heat-production  of  k- 
not  much  greater  than  that  of  a  man  in  health  with  active  work, 
and  the  same  is  true  of  the  amount  of  carbonic  acid  eliminated 
from  the  system. 

The  increase  in  the  amount  of  urea  excreted,  and  other  facts, 
point  to  the  breaking  down  of  albuminous  products  in  fever.  Pre- 
cisely how  much  these  nitrogenous  compounds  contribute  to  the 
production  of  heat  is  not  determined*  but  it  is  generally  conceded 
that  the  increased  production  of  heat  is  due  to  the  active  combuv 
tiou  taking  place,  and  particularly  to  the  oxidation -processes  that 
have  been  described.  The  question  which  now  remains  to  be  set- 
tled is  the  seat  of  the  oxidation-changes  and  the  way  in  which  they 
take  place. 

It  was  originally  supposed  that  the  blood  was  the  seat  of  these 
changes,  and  that  fever  consisted  in  an  inflammation  of  the  blood— 
a  haemitis.  The  increased  oxidation  in  the  blood  is,  however,  more 
apparent  than  in  the  normal  state:  some  think  the  blood  and  abdom- 
inal viscera  have,  in  fact,  no  appreciable  participation  in  the  metab- 
olism in  fever.  In  many  cases  of  fever  evident  changes  take  place 
in  the  blood,  due  to  the  action  of  pyrogenous  material  an< 
organisms.  The  breaking  up  of  red  corpuscles  causes  an  increase 
of  coloring  matter  in  the  urine;  the  chemical  examination  of  the 
blood  in  fever  has  not  yet  produced  any  important  results.  In  some 
fevers  are  found  the  buffy  coat  and  a  delay  in  the  coagulation;  under 
some  circumstances  a  great  diminution  of  the  fibrin,  particularly  in 
animals  after  the  injection  of  putrefactive  substances;  also  a  diminu- 
tion of  the  red  corpuscles  and  an  increase  of  the  white  corpuscles, 
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again,  the  white  corpuscles  may  be  greatly  diminished,  in  which 
i  there  is  a  great  increase  of  the  fibrin  element,  which  so  raises 

coagulability  that  dangerous  capillary  thrombosis  may  take 
:e.  It  is  probable  that  the  elements  which  disappear  from  the 
od  are  destroyed  there  by  combustion,  which  is  the  result  of  the 
neutative  changes  going  on  in  the  blood,  and  consequently  that 
blood  also  is  a  source  of  heat.  The  amount  of  heat,  however, 
duced  by  the  blood  and  the  glandular  tissue  is  probably  small. 
It  has  already  been  seen  that  in  health  the  muscles  are  the  chief 
rces  of  heat.  Thermo-electric  experiments  show  that  in  fever 
inimals  the  temperature  of  the  non-contracted  muscles  as  well 
jf  the  iliac  vein  is  higher  than  the  arterial  blood  coming  from 

left  heart,  while  in  the  normal  animal  it  is  lower.  It  is  evident, 
refore,  that  heat-production  in  fever  is  increased  in  the  muscular 
>ue  even  wheu  at  rest. 

These  and  other  experiments  justify  the  assumption  that  the 
lervation  of  the  muscles  is  the  cause  of  the  increase  of  the 
idation-process  in  animals  in  fever,  and,  moreover,  that  it  is 
•ough  the  nerves  that  the  pyrogenous  material  produces  the 
:reased  combustion  in  fever.  H.  C.  Wood  confirms  this  view, 
it  fever  is  the  result  of  a  disturbance  of  the  nervous  system.  As 
; result  of  his  experiments  he  concludes  that  "there  are  nerve- 
itres  which  are  directly  concerned  in  the  thermogenic  function, 
d  which  affect  the  production  of  animal  heat  independently  of 
;  circulation  by  direct  action  upon  the  tissues.'' 
A  word  of  explanation  in  regard  to  these  nerve-centres,  about 
lich  so  much  difference  of  opinion  has  existed,  may  be  appro- 
iate  here. 

Two  kinds  of  nerves  have  been  described — the  excito-caloric 
tvcs,  which  being  irritated  produce  heat;  and  the  inhibitory  or 
derating  nerves,  which  restrain  the  action  of  the  caloric  nerves, 
tyrt  no  definite  information  has  been  obtained  as  to  the  precise 
Hire  for  heat-regulation,  but  it  is  known  that  a  vaso-motor  centre 
ists  with  its  double  set  of  nerves,  and  that  the  latter  play  an 
portant  part  in  the  regulation  of  the  body- temperature. 

>w,  there  is  an  increased  production  of  heat,  there  must 
supposed  an  increased  action  of  the  excito-caloric  or  the  "cata- 
ic'1  nerves,  with  increased  oxidation  and  a  diminished  action  of 

inhibitory  or  the  *'  moderating "  or  the  "anabolic"  nerves, 
h  diminution  of  the  constructive  or  building-up  processes.  If 
s  increased  action  of  the  heat-producing  nerves  continues,  the 
o-motor  mechanism  is  next  called  into  action,  and  for  a  time  it 
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may  be  able  to  regulate  the  temperature.    This  apparatus  events: 
becomes  unequal  to  the  task,  and  a  rise  of  temperature  is  the  re 
or  from  the  outset  its  action  may  be  so  altered,  owing  to  the  disturb- 
ance  of  the  heat-regulating  centre,  that  the  vessels  contract  and  the 
rise  of  temperature  takes  place  more  rapidly.    If  the  heal-elim 
ing  function  is  profoundly  disturbed  at  any  time — that  is,  if  the 
inhibitory  nerves  are   paralyzed   and    the  vaso-motor  nerves  arc 
unable   to   dispose   of    the    accumulated   heat — there   will  be  an 
unusually  high  temperature,  or  hyperpyrexia.     This  is  the  neur- 
otic theory  of  fever.     It  must  not  be  forgotten,  however,  that  many 
still  think  that  the  combustion  theory — that  is,  that  increased  heat- 
production  may  take  place  by  increased  oxidation  of  the  tissues 
independently  of  the  nerves — is  sufficient  to  account  for  most  esses 
of  fever;  but  this  view  hardly  seems  in  accord  with  the  latest  and 
most  reliable  investigation. 

Having  discussed  the  nature  of  fever,  it  will  be  proper  to  give  a 
few  moments'  consideration  to  its  cause.  It  will  not  seem  surpns- 
ing,  therefore,  from  what  has  been  said,  that  fevers  of  purely  ner- 
vous origin  may  occur,  as,  for  instance,  febrile  attacks  folio* 
fright  or  in  the  course  of  purely  nervous  disease.  Urethral  fever 
has  already  been  cited  as  an  example  of  fever  occasionally  pro- 
duced  by  reflex  irritation  of  the  nervous  system. 

In  the  large  majority  of  cases,  fever,  particularly  the  surgical 
form,  is  due  to  the  presence  of  some  foreign  substance  in  the 
blood.  The  pioneers  in  investigating  these  substances  were  Bill- 
roth and  Weber,  whose  injections  of  pus  and  putrefactive  materials 
into  the  blood  of  animals  were  followed  by  marked  febrile  disturb- 
ance. They  also  injected  purely  chemical  substances  which  were 
supposed  to  be  agents  in  the  putrefactive  process,  such  as  bur 
acid,  leucin,  and  ammonia  salts,  with  similar  results.  It  was  found, 
further,  that  very  small  doses  produced  the  same  result,  whereas 
large  doses  of  such  substances  as  sulphide  of  ammonium,  carbonate 
of  ammonia,  and  butyric  acid  depressed  the  temperature.  The 
severity  of  the  fever  appeared  to  depend  upon  the  quality  of  the 
virus  rather  than  its  quantity.  Fresh  pus  and  pus-serum  and  dried 
pus  have  all  been  found  to  be  pyrogenous,  but  pus  stagnating  for  a 
long  time  in  the  body,  like  that  found  in  cold  abscesses,  does 
possess  this  quality.  It  was  finally  discovered  that  the  active  prop- 
erties of  this  class  of  pyrogenous  substances  were  due  to  the  pres- 
ence of  bacteria.  Exactly  how  bacteria  cause  the  febrile  irritation, 
whether  by  the  chemical  changes  they  bring  about  in  the  blood 
during  their  development,  or  whether  by  their  simple  presence 


iere,  has   not   fully  been  determined.      It   is   known   that   many 

E'cal  fevers  are  due  to  the  presence  of  a  chemical  substance,  a 
alne,  in  the  blood  and  tissues  absorbed  from   wounds  when 
^active   changes   are   taking  place  due   to   the   presence  of 
acteria. 

Genuine  fever  may,  however,  take  place  without  the  action  of 
acteria.     Febrile  disturbance  may  occur  in  cases  where  perfect 
ijep&is  has  been  preserved  and  the  wound  is  healing  by  first  in  ten - 
m.    Subcutaneous  injuries,  such  as  simple  fractures,  contusions 
B  joints  or  of  the  soft  tissues,  are  often  followed  by  fever.    Transfu- 
I  of  blood,  of  hydrocele  fluid,  and  even  of  pure  water,  was  found 
)ht  followed  by  fever.    In  the  breaking  down  of  the  protoplasm  of 
i  there  are  liberated  ferment  substances  that  are  similar  to  those 
ribed  as  fibrin-ferment,  a  substance  found  in  the  blood.     In 
I  removed  from  the  body  this  ferment  substance  is  liberated, 
the  injection  of  this  blood  into  the  circulation  of  an  animal 
iy  cause  extensive  and  even  rapidly  fatal  thrombosis.     Weak 
itions  of  this  ferment  substance  when  injected  will  cause  a  rise 
temperature.      Other  ferments,   such  as  pepsin  and  pancreatin, 
ive  been  injected  into  the  blood  and  have  caused   fever.     The 
ilder  forms  of  fever,   such   as  occur  in   aseptic  wounds,   simple 
kctures,  and  subcutaneous  injuries,  are  produced  by  ferment-like 
bstances  which  differ  slightly  from  those  produced  physiologi- 
Substances  which,  chemically,  differ  greatly  from  the  client- 
il  combinations  found  in  the  fluids  and  tissues  of  the  body,  as  the 
omatnes,  produce  when  absorbed  severe  forms  of  fever.     Bacteria 
e  found  in  the  blood  and  the  tissues  of  the  body  in  the  severer 
nns  of  traumatic  infective  disease.     In  general  it  may  be  said, 
<%  that  fever  is  due  to  the  presence  in  the  blood  of  a  pyrog- 
urns  substance  of  an  organic  nature  that  may  have  been  produced 
f  bacteria  ;  or  to  the  presence  of  bacteria  ;  or^  finally^  to  some  fer- 
ent-like  substance  which  has  resulted  from  cell-disi ft  teg  ration. 
The  question  has  been  raised  whether  the  increased  temperature 
rcver  is  the  result  of  an  effort  on  the  part  of  the  body  to  protect 
self  against  invading  organisms — whether,  in  other  words,  it  is  the 
*sult  of  a  struggle  for  existence  between  the   body  and  the  bac- 
Tia.     It  has  been  argxied  that  such  a  widespread  condition  corn- 
on  to  man  and  all  warm-blooded  animals  would  not  otherwise 
xist.     It  would  need  much  more  light  than  we  now  have  to  deter- 
mine whether  this  is  the  case,  or  whether  the  organism  has  so  far 
"ained  the  victory  that  it  has  been  able  to  bring  about  such  reac- 
wnsasare  favorable  for  its  well-being.     (See  Hankin,  p.  153.) 


XIII.  SURGICAL    FEVERS. 


The  reader  is  now  prepared  to  study  the  different  types 
that  may  occur  during  the  healing  process. 

Traumatic  Fever. — In  old  times,  before  the  days  of  a 
surgery,  no  wound  was  supposed  to  heal  without  considerab 
stitutional  disturbance.    It  was  indeed  thought  essential  th 
inflammatory  reaction  should  follow  an  operation  in  order 
process  of  repair  should  effectually  be  carried  out.     After 
putation  of  the  thigh,   for  instance,  the  water-dressings 
moved  on  the  second  day,  and  a  considerable  discharge 
liberated  and  flow  either  through  the  drainage-tubes  or  from 
ings  through  which  protruded  the  long  ends  of  ligatures  tha 
always  left   uncut.     Ou   the  third  day  the  sero-sanguinole: 
charge  would  be   found   mingled  with  pus,  and  the   amoi 
swelling  and  redness  of  the  parts  had  by  this  time  become 
that  many  of  the  stitches  were  cut  and  the  water-dressing 
exchanged  for  poultices.     Free   suppuration  was  followed 
discharge  of  sloughs  of  connective    tissue,  of  ligatures,  o 
meats  of  decomposed  blood-clots,  and  finally  by  a  subsidence 
severer  symptoms  of  inflammation,  and   the  wound  then 
slowly  to  heal  by  granulation.     So  frequent  of  occurrence  w 
traumatic    inflammation    that    many    surgeons,    particula 
French,   preferred  to  leave  the  wounds  entirely  open,  an 
stuffed  them  with  charpie,  so  that  healing  by  first  intentio 
not  take  place   in  any  part   of  the  wound,   and  the  disc 
which  were  regarded  as  an  almost  inevitable  result  of  ope 
could   have  free   vent.     It  is  not  surprising  that  with  thii 
inflammation   there  should  have  been  also  considerable 
tional  disturbance.     To  this  condition  was  given  the  nain 
matte  or  surgical  fiver,   which  was  regarded  almost  as 
physiological  as  a  pathological  process,  and  as  an  essential 
in  repair — a  healthy  reaction,  as  it  were,  in  its  early  stages 
from  the  shock  of  the  o peration. 

Let  the  symptoms  of  this  type  of  fever  be  traced  th 
week  following  a  capital  operation.     On  the  afternoon  and 
of  the  da)-  on  which  the  operation  has  beeu  performed 
toms  are  seen  that  indicate  the  approach  of  febrile  distur' 
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ie  contrary,  there  is  an  unusual  pallor  in  the  complexion,  the 
ikin  is  cold,  the  pulse  is  weak,  and  at  times  is  easily  made  to  dis- 
ippear  altogether  by  firm  pressure  of  the  fingers  upon  the  wrist. 
he  patient  lies  motionless  in  bed  and  groans  feebly  at  inter- 
The  respirations  are  somewhat  superficial,  and  there  may 
some  nausea  or  vomiting  continuing  beyond  the  period  of 
xciteraent  which  follows  ansesthesia.  If  at  this  time  the  ther- 
Dometer  be  placed  in  the  mouth,  in  the  axilla,  or  even  in  the  rec- 
it  will  be  found  that  the  record  is  below  the  normal  line, 
bis  is  a  condition  known  as  M  shock,"  of  which  more  will  be  said 
a  subsequent   chapter,  and  a  very  anxious  period  it  is  to  the 


the  following  morning,  owing  perhaps  to  the  liberal  use  of 
imulants,  to  heat,  and  to  good  nursing,  the  pulse  has  become 
perhaps  even  stronger  than  usual,  and  often  is  less  rapid 
than  the  night  before;  the  skin  is  hot  and  dry  and  the  cheeks  are 
fashed.     The  patient  has  rallied  well  from  the  shock  of  the  opera- 
tion, and  reaction  is  said  to  have  been  established.     In  truth,  this 
condition  should  not  be  called  reaction,  it  simply  being  a  return 
from  the  condition  of  the  night  before  to  a  purely  normal  state. 
Science  has  been  able  to  show  that  what  is  now  under  observation 
something  more  than  the  swing  of  the  pendulum,  and  that,  on 
mtrary,  there  is  another  and  entirely  new  pathological  con- 
to  deal  with.      If  the  thermometer  be  placed  in  the  axilla, 
will  be  found  a  record  of  high  temperature,  ioo°  to  1020  F. , 
even  higher'.     On  the  evening  of  this  the  second  day  all  these 
ptoms  will  be  more  pronounced,  and   in  addition  there  will  be 
otind  a  coated  tongue,  thirst,  considerable  restlessness,  and  a  gen- 
;ral  sense  of  malaise,  and  the  chances  are  that  both  on  account  of 
hese  symptoms  and  of  the  pain  of  the  wound  the  patient  will  be 
inable  to  sleep.     On  the  following  morning  the  temperature  will 
rap  a  degree,  to  rise  only  higher  than  before  on  the  evening  of  the 
lira1  day.     By  this  time  some  delirium  may  have  been  noticed  by 
e  nurse.     An  examination  of  the  wound  on  the  following  morn- 
will  show  the  establishment  of  suppuration,  and  as  the  wound 
cleaned  off  by  a  free  flow  of  pus  the  temperature  will  begin  to 
ipt  and  by  the  fourth  day,  for  the  first  time,  a  marked  fall  in  the 
ipeTature  will  be   found,  accompanied  by  a  disappearance  of 
y  of  the  uncomfortable  symptoms  of  fever  (Fig.  65).     If  the 

1  In  taking  temperature  the  clinical  thermometer  may  be  left  three  minutes  in  the  mouth 
1  five  to  ten  minutes  in  the  axilla.  In  rare  cases,  as  in  severe  shock,  the  exact  temper- 
f  the  body  enn  be  determined  by  placing  the  themiumeter  in  the  rectum. 
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suppuration  be  abundant,  there  will  be  an  evening  rise  of  tetiij 
tu re  for  a  few  days  longer.     This  type  of  fever,  preceding  usi 
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Fig.  65. — Traumatic  Fever. 


suppuration  in   the  wound,  lasts  from  one  to  two  weeks  aci 
ing  to  the  severity  of  the  case. 

The  relation  of  the  pyogenic  bacteria  to  inflammation  and 
puration  has  already  been  discussed  in  a  previous  chapter.  ^ 
is  of  interest  here  is  simply  to  determine  what  part  bacteria  pL 
the  general  disturbance  of  the  system,  or,  in  other  words,  wli 
the  pyrogenous  or  fever-producing  substance. 

Bacteria  are  frequently  found  in  the  blood  during  surgical 
— at  times  the  pyogenic  cocci,  at  times  other  forms*  It  dep 
somewhat  upon  the  condition  of  the  system  whether  they  be< 
more  numerous  or  are  destroyed  by  the  blood-serum  and  e 
nated  through  the  excretory  organs.  They  are  not  present  in 
ficient  numbers  or  with  sufficient  regularity  to  be  regarded  a1 
cause  of  fever.  They  are,  on  the  one  hand,  rather  an  indie; 
of  the  depressed  vitality  of  the  system,  which  enables  ther 
obtain  an  entrance  into  the  circulation.  On  the  other  hand, 
pyrogenous  action  of  chemical  substances  has  fully  been  re 
nized.  Further  observations  have  not  succeeded,  however,  in 
rowing  down  the  fever- producing  qualities  to  any  one  cheir 
substance.  On  the  contrary,  it  is  probable,  during  the  proces 
decomposition  which  is  taking  place  in  the  blood,  lymph,  am 
fragments  of  tissue  in  the  wound,  that  quite  a  number  of  chen 
substances  are  liberated  and  absorbed  into  the  system.  Tht 
stances  that  cause  surgical  fever  are  therefore  varied  in 
nature. 

When  suppuration  is  established  and  the  wound  t4ck 
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ptomaines  are  washed  away  in  the  fragments  which  come 
from  the  wound,  and  the  fever  immediately  subsides.  Had  the 
(ever  been  due  entirely  to  bacteria,  such  a  change  in  the  wound 
would  not  have  produced  so  immediate  au  effect  upon  the  system. 
Such  organisms  as  are  still  in  the  circulation  are  eliminated 
quickly  as  soon  as  the  system  rallies  from  the  depressing  influence 
of  ptomaine  action. 

Indeed,  in  surgical  fever  the  constitutional  disturbance  corre- 
sponds pretty  accurately  with  the  severity  of  the  local  inflammation 
and  with  the  amount  and  quality  of  the  secretions  of  the  wound. 
A  sharp  rise  of  temperature,  accompanied  by  delirium,  by  diges- 
tive disturbances,  and  by  other  signs  of  constitutional  irritation, 
would  almost  certainly  indicate  the  presence  of  decomposition  in 
the  retained  fluids,  the  formation  of  an  abscess,  or  the  development 
of  some  form  of  infective  inflammation. 

Aseptic  Fever. — When  the  antiseptic  treatment  was  introduced 
:t  vu  expected  that  wounds  healing  by  first  intention,  and  conse- 
qoeatly  devoid  of  septic  contamination,  would  unite  without  any 
disturbance.     In  aseptic  wounds  the  signs  of  inflammation 
are  almost  completely  absent:  there  is  but  slight  swelling;  the  sur- 
the  wound  is  natural  in  color;  the  serum  flows  away  almost 
in  the  condition  in  which  it  escaped  from  the  vessels,  slightly  tur- 
bid, mixed  with  white  corpuscles  or  tinged  with  red,  and  devoid 
of  odor.     It  is  mild  and  unirritating  in  character. 

It  would  be  natural  to  suppose  that  under  these  circumstances 
there  would  be  a  corresponding  absence  of  all  reaction  upon  the 
system.  It  was  found,  however,  that  a  considerable  rise  of  tem- 
perature took  place  after  aseptic  operations,  without  any  local 
changes  sufficient  to  account  for  this  rise.  It  is  true  that  occa- 
sionally, in  properly-conducted  operations,  great  tension  of  the 
stitches,  imperfect  drainage,  sloughing  of  the  flaps,  or  some  irrita- 
tion arising  from  the  dressings  was  found,  but  more  frequently 
no  imperfections  of  this  kind  were  discoverable. 

A  more  careful  observation  of  the  symptoms  of  this  form  of 
fever  showed  that  many  of  the  peculiarities  of  surgical  fever  were 
wanting,  and,  in  fact,  that  there  arose  a  new  type  of  fever — the 
aseptic  fever. 

The  action  of  the  virus  upon  the  nerve-centres — which  action  is 

so  characteristic  of  surgical  fever,  such  as  delirium,  insomnia,  pros- 

t,   and  disturbance  of  digestion — is  here  wanting.     In   fact, 

from  the  appearance  merely  of  the  patient  it  is  improbable  that  the 

nee  of  fever  would  be  recognized.     Such  patients  sleep  well, 


can  sit  up  in  bed,  and  are  interested  in  what  is  going  on  about 
them,  or  can  even  walk  about  without  fatigue  or  other  bad  results. 
Except  the  rise  of  temperature  recorded  by  the  thermometer  tbe^ 
is  no  symptom  of  constitutional  disturbance. 

It  is,  therefore,  not  surprising  that  many  subcutaneous  injuries 
which  were  supposed  to  produce  no  general  impression  upon  the 
system  are  now  found  to  be  accompanied  by  a  rise  of  temperature 
of  several  days*  duration,  and  until  it  occurred  to  some  one  to 
take  thermometric  observations  on  this  class  of  cases  no  symptom 
of  fever,  as  ordinarily  seen,  was  observed.  In  cases  that  have  been 
operated  upon  there  may  be  coating  of  the  tongue  and  gastric  dis- 
turbance due  to  the  anaesthesia.  The  skin,  however,  is  not  so  hot 
as  in  other  forms  of  fever,  and  it  may  be  moist;  the  urine  is  not 
diminished,  and  there  is  less  loss  of  weight  than  in  septic  fever. 
The  rapidity  of  the  pulse  corresponds  pretty  closely  to  the  rise  of 
temperature. 

This  fever,  although  harmless  and  without  any  special  signif- 
icance, may  last  from  one  to  two  weeks.  Ordinarily,  however,  the 
temperature  returns  to  normal  at  the  end  of  three  or  four  days. 
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66. — Aseptic  Fever  due  to  the  Absorption  of  Ltlood-cloL 


Two   examples,  taken  from   the  writer's   note-book  of  several 
years  ago,  will  serve  to  give  types  of  this  form  of  fever: 

i .  Miss  L was  operated  upon  (in  1889)  for  a  tumor  of  the  right ! 

The  breast  and  the  axillary  tissues  were  dissected  out.      A  deep  axiH 
stitch  and  a  deep  breast-stttch  were  taken,  and  two  bone  drainag 
inserted,  one  near  each  suture.    The  dressings  were  removed  the  same  t 
mgt  owing  to  a  hemorrhage  from  the  axillary  tube  caused  apparent' 
tearing  out  of  the  axillary  stitch       A  new  dressing  was  applied,  and  Wtsl 
untouched  for  several  days.    On  its  removal  it  was  found  that  the  wound  t 


first   intention   and  that  the  drain  age- tubes  had  been  absorbed, 
tieless,   the    temperature  did    not  reach  the    normal   line  until   the 
icventh  da  v.     The  pulse  kept  pretty  accurate  pace  with  the  temperature 

•ig.  6 

2.  In  contrast  with  the  above  ease  may  be  mentioned  that  of  Mrs.  R , 

bose  breast  and  axilla  underwent  a  much  more  extensive  dissection.  Here 
v  Stitches  all  held  well  and  the  walls  were  kept  firmly  in  apposition,  the 
bes  discharging  the  exudation  which  took  place.  The  temperature  rose  to 
.5°  F.  on  the  evening  of  the  second  day,  but  with  this  exception  it  was 
irmal  from  the  beginning  to  the  end  of  convalescence,  which  was  rapid. 

It  is  evident  from  a  study  of  these  cases  that  there  was  no  absorp- 
on  of  septic  materials  or  of  iuflarnmatory  products,  for  inflammation 
as  either  absent  or  was  present  in  such  a  mild  form  that  it  could 
it  be  regarded  as  belonging  to  the  infective  type.  In  those  cases 
i  which  the  temperature  has  been  above  normal  there  has  doubt- 
ss  been  an  absorption  of  certain  materials  which  accumulated 
etween  the  surfaces  of  the  wound  or  at  the  seat  of  injury.  These 
laterials  are  blood-clot,  serous  exudations  which  failed  to  escape 
hrotigh  the  drainage-tubes,  fragments  of  broken-down  tissue,  and 
ninute  sloughs,  which,  if  observed  under  the  microscope,  are  found 
o  be  undergoing  a  granular  disintegration  preparatory  to  absorp- 
on. 

In  a  section  taken   from  a  wound   in  the  abdominal  wall  the 
round  was  found  to  have  united,  but  beneath  the  surface  of  one 

the  lips  was  seen  a  granular  mass  of  material  which  represented 

tion  of  the  skin  about  to  be  absorbed.     Such  changes 

a  larger  scale  in  very  extensive  wounds,  such  as  ampu- 

on  at  the  hip-joint,  or  in  crushed  wounds  which  have  been 
loroughly  disinfected  and  are  healing  well.  In  both  these  cases 
be  amount  of  disintegration  with  injur)'  in  the  cellular  tissue,  the 
itejnnnents,  and  even  the  muscles,  must  be  considerable.  Let  us 
se  what  the  effect  of  the  introduction  of  such  substances  into  the 
irculation  has  been  shown  to  be  by  experiment. 

The  chemistry  of  coagulation  has  already  been  alluded  to,  and 
ht  reader  is  aware  of  the  process  by  which  fibrin  is  formed, 
)ccasionally  small  quantities  of  fibrin-ferment  are  liberated  in  the 
irculating-  blood  by  the  breaking  down  of  cells,  but  the  vessels 
ppear  able  to  dispose  of  it  and  to  prevent  any  coagulating  action, 
however,  this  ferment  is  introduced  into  the  circulation  in 
ny  considerable  quantity,  remarkable  results  are  found  from  its 
The  fluid  part  of  coagulated  blood,  if  introduced  into  the 
irculation  of  an  animal,  will  bring  about  a  very  pronounced  and 
e  coagulation. 

XI 


THERAPEUTICS. 

From  10  to  12  cc.  of  blood  are  taken  from  a  rabbit  and  allowed  to  cot| 
late  into  a  solid  cake  ;  the  fluid  being  pressed  out  and  filtered,  5  to  6  cc.  1 
then  carefully  injected  into  the  jugular  vein  of  the  same  animal.  Immediate 
there  occur  opisthotonos,  dilatation  of  the  pupils,  dyspncea,  etc.,  th 
toms  of  fatal  pulmonary  embolism.  On  exami  nation  the  right  heart  is  fooi 
full  of  tough  clot,  although  still  beating,  and  the  ramifications  of  the  pm 
monary  artery  are  distended  with  a  red  thrombus.  The  left  heart  has  anul 
sized  clots,  but  the  blood  in  the  remaining  vessels  is  strikingly  hard  w 
slow  to  coagulate.  Solutions  of  blood-corpuscles  in  ether  and  BOl 
haemoglobin  have  also  produced  similar  results.  Other  observers  have  ill 
recorded  a  rise  of  temperature  from  the  injection  of  defibrinated  blood. 


The  same  group  of  symptoms  was  also  produced  by  watn 
extracts  of  pulverized  blood  freed  from  its  ferment,  which  v\ 
accounted  for  by  assuming  that  ferment  was  developed 
blood.  The  rise  of  temperature  produced  by  the  injection  of  wati 
was  explained  in  the  same  way.  Solutions  of  carbolic  acid  we 
found  at  times  to  weaken,  and  at  times  to  increase,  the  action  c 
the  ferment,  particularly  when  strong. 

Indeed,  quite  a  variety  of  substances  of  ferment-like  naton 
such  as  pepsin  and  pancreatin,  are  pvrogenic  in  their  action  qtti 
independently  of  any  bacterial  infection.  The  breaking  down  id 
absorption  of  the  blood-clot  or  coagulated  serum  caught  betwee 
the  apposed  surfaces  of  a  wound  or  surrounding  the  ends  of 
tured  bone,  or  in  a  large  haematoma,  must  therefore  necessaril 
liberate  pyrogen ous  substances  which  are  readily  absorbed.  Th 
same  may  be  said  of  other  cell -structures,  as  connective  tissue  c 
muscle.  With  the  disintegration  of  bruised  masses  of  tissue  lik 
these,  either  as  the  result  of  direct  injury  or  from  the  cutting oi 
of  the  circulation,  there  is  liberated  not  only  fibrin-ferment,  he 
doubtless  also  other  substances  slightly  altered  from  their  origin 
composition  during  life,  which  substances,  when  absorbed,  produc 
a  rise  of  temperature.  Their  close  relationship  to  living  substance 
renders  them  less  intolerant  to  the  system  than  the  more  vinilw 
substances  manufactured  by  bacterial  action;  consequently  we  fai 
to  observe  many  of  the  more  disagreeable  symptoms  of  leva 
These  homologous  substances  appear  to  have  the  power  to  act  upo 
the  thermic  centres,  but  to  cause  little  other  disturbance  in  tl 
ecottomy. 

When  a  large  wound  heals  with  a  minimum  amount  of  fa 
in  the  amputation  of  the  breast  above  alluded  to,  the  adjustmen 
of  the  wound  has  been  so  perfect  that  no  blood-clot  fornix  ! 
its  lips:  the  incisions  have  been  cleanly  cut  with  the  knife,  an 
no   fragments  remain  behind  to   be   absorbed.     The   effusion 
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*rum  that  always  occurs  in  greater  or  lesser  quantity  is  either 
decked  by  the  firm  pressure  of  the  dressings  or  is  conducted  off 
mmediately  through  the  drainage-tubes.  Many  compound  frac- 
tures which  have  been  thoroughly  cleaned  of  clot  and  properly 
rained  heal  without  rise  of  temperature,  while  a  simple  fracture 
>how  a  fever-curve  of  several  days'  duration. 

There  are,  however,  many  slight  disturbances  which,  occurring 
during  the  healing  process  of  a  wound  dressed  with  aseptic  precau- 
tions, cause  a  rise  of  temperature,  and  which  should  not  be  over- 
looked. Great  tension  of  the  lips  of  the  wound  may  cause  ulcera- 
tion about  the  stitch-holes.  Minute  quantities  of  micrococci  may 
be  found  in  the  secretions  accumulating  at  such  spots.  The  micro- 
cocci are  insufficient  in  numbers,  or  they  are  so  enfeebled  by  the 
latiseptics  with  which  they  come  in  contact  as  to  have  the  power 
to  cause  putrefactive  action,  but  they  may  be  able  to  liberate  a  fer- 
ment capable  of  producing  a  rise  of  temperature.  Collections  of 
uid  may  be  caused  by  imperfect  drainage,  which  collections, 
although  aseptic,  are  still  pyrogenous. 

Finally,  it  must  not  be  forgotten  that  the  powerful  antiseptic 
igents  employed  are  potent  for  evil  as  well  as  for  good.  The 
poisonous  action  of  carbolic  acid  and  of  iodoform  is  now  well  rec- 
ti, but  undoubtedly  many  a  fatal  case  of  poisoning  by  these 
agents  has  been  mistaken  for  septic  infection.  The  rise  of  tem- 
perature and  the  digestive  disturbance,  with  the  presence  of  pro- 
lonnced  nervous  symptoms,  produced  by  carbolic-acid  absorption 
aused  the  writer  to  be  summoned  in  haste  to  a  supposed  case  of 
ilood-poisoning.  The  dark  color  of  the  urine  gave  at  once  a  clue 
athe  diagnosis.  Delirium  accompanying  an  unusual  amount  of 
nfiammation  after  an  operatiou  for  rectocele  induced  the  writer  on 
»e  occasion  to  take  out  the  stitches  so  early  as  to  lose  much  of  the 
Denefit  which  might  have  been  derived  from  a  successful  operation. 
The  cause  of  the  trouble  was  subsequently  found  to  be  due  to  the 
xcessive  use  of  iodoform  powder  by  an  over-zealous  nurse. 

Surgical  Scarlet  Fever. — Many  drugs  are  apt  to  cause  eruptions 
which,  in  some  cases,  resemble  those  of  scarlet  fever.  This  disease 
bas,  in  fact,  been  associated  closely  with  surgical  operations,  and 
this  supposed  connection  has  given  rise  to  the  expression  "surgical 
icarlet  fever."  Observations  of  this  kind  are  exceedingly  numer- 
Dcs,  and  few  surgeons  have  failed  to  meet  with  them;  whereas  the 
association  of  other  exanthemata — as,  for  instance,  measles — with 
mrgical  operations  does  not  appear  to  occur  in  sufficient  numbers 
s>  be  worthy  of  special  notice. 


Horsley  refers  to  the  fact  that  scarlet  fever  is  particularly  liable 
to  attack  children  recently  operated  upon,  especially  in  cases  vrhtie 
an  operation  has  been  performed  for  stone  in  the  bladder  or  fa 
cleft  palate.  Sir  James  Paget,  who  is  one  of  the  chief  authoritia 
on  this  subject,  is  confident  that  there  is  something  in  the  con^ 
quences  of  surgical  operations  that  makes  patients  peculiarly  sus. 
ceptible  to  the  influence  of  the  scarlatina  poison.  He  mentions 
the  following  case: 

A  boy  operated  upon  for  stone  had  an  eruption  with  Fevef  exact] 
that  of  scarlet  fever  the  day  following  the  operation.  Two  days  latex  it 
began  to  fade,  and  quickly  disappeared.  A  month  later,  when  the  woutul  hid 
nearly  healed,  he  had  haematuria  and  increased  mucus,  with  pain  on  rniclari- 
tion.  Two  days  after  this  he  had  sore  throat,  accompanied  with  a  scarlatina 
eruption,  followed  by  desquamation. 

Although  the  symptoms,  in  this  case,  of  two  attacks  were  not 
typical,  Paget  regards  it  as  true  scarlet  fever.     Thomas  Smith  bad 
10  cases    of  scarlet   fever   in    43  cases  of  lithotomy  in   el: 
This  is  certainly  more  than  a  coincidence.     In  all  cases  the  mic- 
tion appeared  on  the  second  or  third  day. 

The  appearance  of  scarlet  fever  in  puerperal  women  is  a  veil- 
recognized  occurrence,  and  all  the  symptoms  are  usually  so  well 
marked  that  little  doubt  is  expressed  about  the  diagnosis.  The 
somewhat  "disorderly"  appearance  of  the  symptoms  in  surgical 
cases,  as  Sir  James  Paget  expresses  it,  has  led  to  the  belief  that 
these  cases  are  not  genuine  scarlatina,  but  of  septic  infection  of  tk 
wound;  and  the  fact  that  eruptions  of  this  character  are  often  seen 
in  the  course  of  pyaemia  appears  to  be  confirmatory  of  this  view. 
In  a  monograph  on  this  subject  Albert  Hoffa  states  that  he  analvzed 
the  different  forms  of  eruptions  which  occur  during  the  healing  of 
a  wound,  and  recognized  four  types.  A  certain  number  he  regards 
as  purely  vaso-motor  disturbances,  arising  from  an  irritation  of  UK 
sensitive  nerves  and  occurring  after  operations  upon  parts 
dantly  supplied  with  nerves,  such  as  the  genitalia.  The  en 
appears  a  few  hours  after  an  operation  for  circumcision,  for 
instance,  and  resembles  an  erythema  or  an  urticaria,  ami 
pears  as  quickly.  The  cases  of  puerperal  scarlet  fever  are  also 
placed  in  this  category  by  Hoffa. 

The  next  class  he  calls  "toxic  erythema."    These  eruptions  are 
analogous  to  the  medicinal  eruptions  (as  the  rash  which  sometimes 
follows  the  use  of  copaiba  or  antipyrine).    They  occur  with- 
dromal  symptoms,  and  usually  appear  from  twenty-four  to  fortv- 
eight  hours  after  all  kinds  of  operations,  and  even  in  simple  frac* 


FEVERS. 

The  febrile  disturbance  is  usually  intense,  and  in  children 
iclirium  or  coma  may  accompany  the  eruptions.  Gastric  disturb- 
also  a  prominent  symptom.  Toxic  erythema  appears  as  a 
diffused  redness  or  as  isolated  large  patches  with  comparatively 
dear  intervals  between  them.  It  is  seen  only  on  the  body  and 
extremities,  and  disappears  in  twenty-four  hours  without  any  sub- 
sequent desquamation. 

This  form  is  the  result  of  an  absorption  of  the  secretions  of  the 
■round* — particles  of  tissue  or  fibrin-ferment — such  as  occurs  in 
ueptic  fever.  In  some  of  the  experiments  of  transfusion  in  aui- 
nals  patches  of  eruption  are  noticed.  It  is  a  not  uncommon  occur- 
ence to  find  transitory  erythema  during  etherization.  The  erap- 
ions  of  carbolic-acid  and  sublimate  poisonings  would  belong  in 
his  category.  HofFa  reports  the  case  of  a  boy  whose  resected 
:nee-joiut  wound  was  syringed  out  with  a  i:  iooo  solution  of  subli- 
mate. Half  an  hour  later  the  patient  had  a  chill  accompanied  with 
ever  and  typical  scarlet  rash  on  the  whole  body  that  lasted  for 
wenty-four  hours.  The  presence  of  mercury  was  afterward  deni- 
ed in  the  urine  and  feces. 
These  two  varieties  are  strictly  to  be  distinguished  from  the  third 
tmc,  which  is  infectious,  and  in  which  the  eruptions  are  indications 
la  general  infection  of  the  body,  occurring  as  they  do  in  septicaemia 
ind  pyaemia.  The  eruptions  are  generally  more  marked  in  charac- 
erand  exhibit  a  greater  variety  in  appearance.  They  may  appear 
d  the  form  of  erythema  or  as  urticaria.  They  may  be  diffused  or 
--dated  patches.  The  eruption  may  become  pustular  or  hem- 
jrrhagic.  Even  purpura  spots  may  be  seen.  The  eruption,  how- 
wr>  occasionally  resembles  the  scarlet  rash  very  closely.  Some- 
;hnes — curiously  enough — it  affects  only  one-half  of  the  body. 
Mter  disappearance  of  the  eruption  desquamation  may  follow,  and 
here  may  even  be  suppuration  beneath  the  skin,  with  the  forma- 
ionof  abscesses.  The  eruption  is  said  to  be  caused  by  a  capillary 
njbolism  of  micrococci.  An  example  of  this  type  is  reported  by 
iott: 


A  soldier  in  India  received  an  extensive  burn  from  the  explosion  of  pow- 
er, On  the  third  day  a  scarlet  Tash  appeared.  The  temperature  had  been 
igfa  from  the  beginning.  In  five  days  the  eruption  disappeared,  and  it  was 
Mowed  by  desquamation.  The  patient  had  been  three  years  in  India,  and 
:  that  country-  scarlet  fever  is  never  seen. 

Konetschke  reports  a  case  belonging  to  this  variety: 

A  boy  with  compound  comminuted  fracture  of  the  leg  had  septic  infection 
the  wound.     In  forty-eight  hours  after  the  injury  an  eruption  appeared, 
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with  a  rise  of  temperature,  and  remained  six  days,  being  followed  by  desqtu. 
mation.  Two  weeks  later  a  second  eruption  occurred,  followed  by  desquama- 
tion, lasting  only  two  days,  One  week  later  another  eruption,  with  deajW. 
mation,  lasting  this  time  four  days.  There  was  some  swelling  of  the 
each  time,  but  DO  angina  or  swelling  of  the  submaxillary  gland,  and  i 
source  of  infection  from  scarlet  fever  was  discernible. 

Finally,  in  another  set  of  cases  it  is  evident  that  we  have  to 
with  genuine  scarlet  fever;  that  is,  there  are,  in  addition  to 
skin  eruption,  angina,  swelling  of  the  submaxillary  glands,  desq 
mation,  and  nephritis.  This  regularity  of  symptoms  is  not  consid- 
ered by  Sir  James  Paget  as  necessary  for  diagnosis,  for  be  expressly 
states  that  deviations  from  the  typical  course  of  scarlet  fever  are 
common,  one  or  more  symptoms  being  absent. 

Another  point  upon  which  a  difference  of  opinion  appears  to 
exist  is  the  origin  of  the  attack.  HorTa  is  inclined  to  think  that 
the  disease  enters  the  organism  through  the  wound,  and  cites  cases 
to  show  that  the  eruption  often  begins  at  the  edges  of  the  wound 
and  gradually  spreads  over  the  body.  Paget  is  inclined  to  the 
view  that  the  patient  may  have  imbibed  the  poison  before  the 
reception  of  the  wound,  and  that  the  disease  might  not  have 
shown  itself  at  all  unless  the  vitality  of  the  system  had  been 
impaired. 

A  case  strongly  suggestive  of  this  view  occurred  in  the  writer*] 
own  practice: 

A  little  girl  twelve  years  of  age  fell  and  cut  her  forehead  agai 
piece  of  furniture.     The  wound  was  cleansed  and  united  by  three  su 
That  evening  there  was  swelling  of  the  edges  of  the  wound  and  a 
temperature.      These  symptoms  were  more  marked  the  next  morning, 
on  the  following  day  a  scarlet  rash  occurred,  and  the  patient  went  through 
a  typical  case  of  scarlet  fever.     The  wound  healed  by  first  intention 

It  seems  quite  evident,  as  Paget  says,  that  "a  peculiar  liability 
to  contagion  is  induced  by  an  operation,  and  that  the  poison  pro» 
duces  its  specific  effects  in  much  less  than  the  usual  period  of  incu- 
bation.n  It  is  also  highly  probable  that  direct  infection  through 
the  wound  occurs.  Thus,  Paget  reports  a  case  of  a  child  who  was 
seized  with  scarlet  fever  the  day  after  an  operation  had  been  per- 
formed on  her  mouth.  Her  mother  knew  nothing  of  an 
of  poisonous  infection,  but  the  surgeon  who  performed  the  opera* 
tiou  was  at  the  time  nursing  his  own  children  with  the  disease. 
Billroth  reports  a  similar  case  of  scarlet  fever  following  an  opera- 
tion npon  the  tongue,  and  it  seems  probable  at  least  that  Smith's 
ten  cases  of  scarlet  fever  following  lithotomy  may  be  examples  of 
infection  of  a  wounded  mucous  membrane  by  that  disease.     Btifl 


that  the  reason  a  wound  seems  to  give  a  certain  predisposi- 
ion  for  the  disease  is  because  a  larger  dose  of  the  micro-organisms 
may  enter  through  the  wound,  and  that  patients  thus  become 
affected  who  are  not  so  affected  by  smaller  numbers  of  bacteria 
through  ordinary  channels.  The  short  incubation-period  of  surgi- 
cal scarlet  fever  favors  this  view. 

One  of  the  most  striking  cases  of  infection  of  the  wound  by 
scarlet  fever  that  the  writer  has  been  able  to  find  is  the  following: 

A  physician,  apparently  without  predisposition  to  scarlatina,  received  a 
KTrtch  with  a  knife  at  an  autopsy  of  a  case  of  scarlet  fever.  On  the  ninth 
iivarash  started  from  the  wound  and  followed  a  typical  course. 

A  case  illustrating  Hoffa's  theory  of  wound-infection  is  the 
following: 

A  patient  with  stricture  and  urinary  infiltration  and  gangrene  of  the 
(crotam  had,  on  the  ninth  day  of  entrance  to  the  hospital,  a  scarlet  rash 
anting  from  the  wound  and  covering  the  abdomen,  the  breast,  and  the 
neck,  to  the  lower  third  of  the  thighs,  and  remaining  six  days.  Angina 
m  present,  also  high  fever.  Two  days  after  the  disappearance  of  the  rash 
teqnaroation  took  place.  Death  occurred  on  the  eleventh  day  after  the 
tppcuance  of  the  rash.  At  the  autopsy  a  parenchymatous  nephritis  was 
farad  Four  days  after  the  appearance  of  the  eruption  on  this  patient,  a  boy 
a  the  same  ward  with  a  fractured  thigh  and  lacerations  in  the  perineum 
kvki  out  with  a  rash  on  the  limbs  and  face.  It  was  followed  by  desqiuinia- 
noe,  bat  there  was  no  angina,  or  albumin  in  the  urine. 

probably  not  advisable  to  attempt  to  make  a  differential 
piaguosis  from  all  kinds  of  skin  eruptions  or  erythemata  that  may 
Kcnr  in  surgical  practice  and  scarlatina.  Enough,  however,  has 
keen  said  to  show  that  a  gTeat  many  cases  closely  resemble  that 

fc;  that  a  certain  number,  and  probably  the  majority,  of  cases 
ailed  "surgical  scarlet  fever"  are  cases  of  genuine  searla- 
m\  that  some  of  the  scarlet  rashes  that  might  easily  be  mistaken 
n  the  disease  are  cases  of  septic  infection  of  the  skin;  that  in 
tty  of  these  cases  it  is  extremely  difficult  to  decide  between  the 
ro  affections  in  making  a  diagnosis,  and  that  it  would  be  well  to 
he  safe  side  and  exercise  all  the  precautions  necessary  to  iso- 
Lte  the  patient. 
Suppurative  Fezer. — The  fevers  thus    far  considered  have  not 
nasarily  been  directly  connected  with  suppuration.     In  fact,  it 
is  been  shown  that  surgical  fever  subsides  with  the  appearance  of 
is.    The  fevers  already  mentioned  are  developed  during  the  early 
if  the  healing  process  in  wounds.    They  may,  therefore,  with 
opricty  be  called  "primary  fevers,"  although  this  name  is  not 
applied  to  them.     The  term  secondary  fever  is,  however, 


I 


sometimes  given  to  that  form  which  occurs  during  the  period  of  sup. 
puration,  although  suppurative  fever  is  the  more  common  expres- 
sion. Hectic  fever  (from  £/r«6c,  a  habit)  is  a  name  usually  applied  to 
the  chronic  forms  of  suppuration,  such  as  accompany  tuberculosis, 

The  high  temperature  usually  accompanying  aseptic  or  surgical 
fever  rarely  lasts  beyond  the  first  week.     If,  however,  the  temper' 
ature  does  not  fall,  or  about  the  beginning  of  the  second  week  there 
should  be  a  sharp  rise  of  temperature,  or  even  a  chill,  then  therein 
reason  to  suspect  the  presence  of  pus  in  the  wound.     If  the  wound 
be  examined,  undoubtedly  there  will  be  found  an  amount  of  iufiam. 
matron  which  would  account  for  the  high  temperature.     The  lips 
of  the  wound  are  red  and  swollen,  and  on  removing  an  obstructed 
drainage-tube  or  on  slightly  separating  the  edges  of  the  wouud  an 
escape  of  pus  follows.     If  proper  drainage  and  antiseptics  are  now 
employed,  the  temperature  will  soon  fall  and  the  febrile  disturb- 
ances will  disappear.     If,  however,  parts  are  involved  whose  ana- 
tomical  structure  makes  it  difficult  to  effect  a  thorough  disinfection 
of  the  wound  (as,   for  instance,  a  joint),  or  pus  begins  to  burrow 
among  deep  layers  of  muscles,  as  often  happens  in  a  compound 
fracture,  the  fever  will  continue  to  keep  pace  more  or  less  acca» 
rately  with  the  local  condition.      If  the  infective  inflammation, 
which  has  now  established  itself,  is  of  an  acute  type,  there  will 
be  a  continued  form  of  fever  with  frequent  marked  exacerK 
Usually,  however,  the  local  inflammation  yields  more  or  less  to 
proper  remedies,  and  becomes  less  acute  in  character:  nm 
sinuses  are  formed  running  in  various  directions ;  the  integuments 
are  swollen  and  oedematous,  but  are  pale  and  flabby,  and  pus  dis- 
charges freely  from  numerous  openings.     Chronic  suppuration  is 
established.     The  fever  now  assumes  the  characteristic  n 
type  of  suppurative  fever.     In  the  morning  the  temperature  is  nor- 
mal  or  even  subnormal,  but  in  the  afternoon  there  is  a  sharp  rise, 
varying  from  two  to  six  degrees.     There  are  then  the  hectic  flush 
and  the  other  symptoms  of  fever.     Unless  the  progress  of  tl 
puration  is  soon  checked,  the  constitutional  disturbance  produces i 
marked  change  in  the  appearance  of  the  patient.     Gr 
flesh  and  prostration  result,  which  are  aggravated  by  lt  colliqua- 
tive" diarrhoea  and  by  profuse  perspiration  or  "night-sweats," 

Emaciation  becomes  extreme,  so  that  the  joints  have  an  unusu- 
ally prominent  appearance;  bed-sores  appear,  and  it  soon  becomes 
nit  rely  a  question  of  the  power  of  endurance  on  the  part  of  tie 
patient.  In  the  most  chronic  forms  of  suppuration,  such  as  accom- 
pany tubercular  disease,  this  type  of  fever  may  continue  for  many 
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the  emaciation   will  be  more  gradual,   but  when  death 

ccurs    from    exhaustion   there    will   be   found    extensive 

disease  of  the  internal  organs. 

the  early  stages  of  the  suppuration  the  surgeon  gains  con- 
free  incisions  and  drainage  and  removal  of  the  suppurating 

the  wound  by  the  curette,  by  resection  of  a  joint,  or  by 

3n,  the  febrile  disturbance  immediately  subsides.  This 
clearly  that  the  high  temperature  is  due  to  the  contin- 
orption  of  pyrogenous  material  from  the  wound  into  the 
and  that  the  material  when  once   absorbed  is  no  longer 

of  further  action,  for  when  the  supply  is  cut  off  pyrexia 


:ise   nature   of  this   poisonous   substance  is  not  fully 

It  is  certain,  however,  that  bacteria  are  only  indi- 

cerned   in   its   production.     The   pus-coccus  is   indeed 

found  in  the  blood,  but  it  is  also  seen  in  cases  where 

ile  disturbance  exists,   and  its  presence  is  quite  uncertain 

lar.      The  amount  of  degeneration  of  tissue  and  destruc- 

ich  such  a  process   involves   must  necessarily  liberate  a 

of  pyrogenous   materials  which   find   their  way   into   the 

ion  and  produce  fever.     The  extensive  breaking  down  of 

lood-corpuscles  in  the  granulation   tissue  forming  the  wall 

ibscess  would  alone  liberate  sufficient  fibrin-ferment  to  pro- 

iderable  constitutional  disturbance.    The  virus,  therefore, 

garded  as  principally  a  chemical  one,  and  not  essentially 

from  that  which  produces  surgical  fever. 

incipal  changes  found  at  the  post-mortem  examination 

is  the  so-called  u  amyloid  degeneration  of  the  internal 

It  is  a  retrograde  metamorphosis  of  the  albuminoid  con- 

of  the  protoplasm  of  the  cells.    It  usually  attacks  the  small 

but  extensive  changes  of  this  character  are  frequently  seen 

pleen,  the  liver,  the  intestines,  the  kidneys,  and  the  heart, 

Billroth  has  shown,  even  in  the  lymphatic  glands.     It  is 

to  be  caused  by  the  constant  drain  upon  the  body  of  the 

salts,  notably  the  compounds  of  potassium,  produced  by 

urative  discharge. 

important  to  be  able  to  recognize  the  presence  of  such 

during  life,  for  the  existence  of  such  a  degeneration  of  the 

organs  would  clearly  be  a  contraindication  for  operative 

*nce;   for  the  disease,  when  once  established,  is  generally 

as  incurable.     It  would  obviously  be  useless  to  attempt 

cal  cure  of  hip-  or  knee-joint  disease  by  resection  if  such 


33°         SURGICAL    PATHOLOGY  AND    THERAPEUTICS. 

a  complication  existed.  The  condition  of  the  liver  or  the  spleen 
should  carefully  be  looked  into,  and  any  enlargement  of  those 
organs  be  sought  for.  An  examination  of  the  urine  would  thro* 
valuable  light  upon  the  presence  of  organic  diseases  of  the  kidney. 
Amyloid  or  albuminoid  degeneration  of  the  mucous  membrane  of 
the  intestinal  canal  would  possibly  betray  itself  by  diarrhoea,  by 
paleness  of  the  discharges,  or  by  the  absence  of  bile,  and  by  other 
symptoms  of  disordered  function. 

Severe  operations  in  the  later  stages  of  cases  of  long-standing 
suppuration  are  rarely  attempted  by  surgeons  of  experience.    It  is 
in  the  early  stages  of  suppuration  that  prompt  interference  sho 
take  place.     A  counter-opening  in  one  of  the  lips  of  a  wound,  with 
insertion  of  a  drainage-tube  in  acute  cases,  will  usually  suffice  to 
prevent  further   trouble.     When   the   pus   begins   to  burrow  the 
micrococci  appear  to  be  endowed  with  unusual  activity,  and 
tensive  sinuses  form  in  various  directions  unless  further  progress 
is  checked  by  free  openings  with  the  knife  extending  to  the  extreui. 
ity  of  the  cavity  and  freely  exposing  its  walls.     The  walls 
then  be  curetted   carefully  to  remove  all  bacterial   growth,  and 
should    be    brought   into    contact    with    antiseptic    agents   until 
healthy  granulations  have  formed. 

In  compound  fractures  and  in  wounds  of  joints  this  treatment 
becomes  at  times  extremely  difficult  to  carry  out,  and  the  question 
of  resection  or  of  amputation  is  often  raised.  The  latter  operation 
should  not,  however,  be  proposed  to  the  patient  under  these  circum- 
stances, except  for  the  purpose  of  saving  life.  Many  a  poor  man 
who  has  risked  his  life  to  save  his  leg  has  finally  triumphed  o 
his  disease:  when  it  is  realized  what  a  terrible  misfortune  the  loss 
of  a  limb  is  to  the  laboring  man,  the  surgeon  may  well  hesitate  to 
advise  amputation  unless  confident  that  death  is  staring  the  patient 
in  the  face. 

Frequently  an  old-standing  case  of  suppurative  cellulitis — such, 
for  instance,  as  follows  a  compound  fracture — may  be  much  bene- 
fited by  a  complete  change  of  surroundings.     Removal  even  to 
another  bed  may  be   sufficient — better  still,   to  another  room  or 
ward;  and  occasionally  the  patient  may  be  placed  for  several  hours 
at  a  time  daily  in  the  open  air.     Free  stimulation  and  the  ah 
dant  use  of  easily-digested  food  will  help  maintain  the  strength. 
and  during  convalescence  the  employment  of  iron  may  repair  the 
degenerated  blood-corpuscles  and  tissues,  and  may  give  force  to  the 
appetite  and  the  powers  of  digestion. 

A  type  of  fever  which  may  appropriately  be  considered  her^ 
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although  not  strictly  belonging  to  the  surgical  fevers,  so  called,  is 
that   which    accompanies    lymphangitis    following   a    "poisoned 
Tround."     If  the  wound  be  freshly  made  and  protective  inflamma- 
tion lias  not  closed  the  open  channels  which  lead  from  it  to  various 
parts  of  the  body,  there  exist  conditions  most  favorable  for  rapid 
absorption  of  poisonous  substances.    The  route  through  which  this 
irption  occurs  is  usually  the  lymphatic  system,  and  consequently 
prominent  feature  of  the  absorption  is  the  lymphangitis  which 
arks  the  progress  of  the  poison  from  its  point  of  entrance  toward 
ie  centre  of  the  body.     The  circumstances  under  which  this  form 
)f  poisoning  is  most  likely  to  occur  is  the  accidental  wounding  of 
,e  hands  of  the  surgeon  or  pathologist.     The  cause  of  this  type 
fever  is  probably  very  similar  to  that  which  gives  rise  to  surgi- 
fever;  that  is,  it  is  largely  chemical  in  its  nature.    It  is  probable 
it  a  bacterial  invasion  also  occurs  to  a  considerable  extent,  but 
the  type  under  consideration  bacteria  do  not  play  any  prominent 
rt,  as  the  fever  subsides  quickly  the  moment  the  supply  of  mor- 
bid material  is  cut  off  by  surgical  interference.     There  are,  how- 
ever, occasions  when   bacteria  play  a  more  important  rdle  under 
these  circumstances,   but  these  will   be   considered    in   the   next 
chapter. 

The  study  of  surgical  fevers  would  not  be  complete  without  con- 
sidering that  variety  which  lias  so  long  been  regarded  as  an  exam- 
ple of  the  purely  nervous  origin  of  fever — a  fever  in  which  bac- 
tnd  ptomaines  consequently  play  little  or  no  part.     The  most 
nous  example  which  has  been  brought  forward  to  illustrate 
tlic  type  is  the  so-called  urethral  /> 

It  is  a  not  uncommon  occurrence  for  the  patient,  after  a  cath- 
eter has  been  passed,  to  have  the  same  evening  a  rapid  rise  of  tem- 
perature, ushered  in  by  a  chill.     The  febrile  disturbance,  however, 
soon  runs  its  course,  and  a  couple  of  days  usually  suffice  to  restore 
the  temperature  to  its  normal  condition.     Some  patients  are  much 
more  susceptible  than  others,  but  the  occurrence  of  the  "urethral 
is   so   frequent   that  in  many  hospitals  it  is  a  custom  to 
Hter  a  dose  of  quinine  immediately  after  the  use  of  the  cath- 
eter to  ward  off  this  complication. 

Unfortunately,  the  fever  is  not  always  of  this  mild  type,  and 
may  even  be  attended  with  fatal  results,  as  the  accompanying  case 
will  show : 

n  of  middle  age  was  admitted  to  the  writer's  ward  with  a  stricture 
of  the  urethra.  On  examination  his  skin  was  found  to  be  covered  with  a 
syphilitic  papular  eruption.    There  was  a  watering-pot  perineum,  and  on  the 
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introduction  of  a  polished  steel  sound  a  stricture  of  medium  calibre 
encountered  in  the  penile  portion  of  the  urethra.     He  was  an  *'  old  stager,^ 
accustomed  to  urethral  surgery,  and  bore  without  flinching  the  examin 
An  attempt  was  made  to  pass  the  sound  through  the  stricture,  which,  her**., 
ever,  would  not  yield,  and,  as  the  pain  was  severe,  the  attempt  was  tb*Q, 
doned.     No  blood  was  drawn.     The  next  morning  the  patient 's  temperature 
was  ro4°  F.  and  the  amount  of  urine  was  exceedingly  small.     Death  occurred 
within  twenty-four  hours,  and  at  the  autopsy  the  only  lesion  found  was  «j 
intense  congestion  of  both  kidneys.     There  was  no  cystitis   there  were  no 
marks  of  violence  to  the  urethra,  and  there  was  no  evidence  of  "surgied 
kidney." 

It  seems  difficult  to  interpret  such  a  case  in  any  other  way  than 
by  assuming  that  an  intensely  powerful  irritation  was  applied  to 
the  nerves  supplying  the  urethra,  which  by  reflex  action  produced 
congestion  of  a  kidney  already  weakened  by  constitutional  disease. 
The  fever  may  have  been  due  to  the  absorption  of  products  liber- 
ated by  the  morbid  changes  set  in  action  in  an  inflamed  organ, 
and  death   was  caused  chiefly  by   uraemia. 

Undoubtedly,  many  cases  of  urethral  fever  are  due  to  an  inflam- 
mation of  the  kidneys,  which  have  become  gradually  disorganiwl 
by  the  bacterial  invasion,  which,  starting  from  some  urethral  \sp 
flammation,  has  gradually,  with  the  lapse  of  years,  worked  ib 
along  the  geni to-urinary  tract. 

Operations  upon  patients  with  surgical  kidneys,  as  such  kidneys 
are  called,  are  to  be  avoided;  but  even  in  these  cases  it  seems  prob- 
able that  a  powerful  reflex  action  of  the  nervous  system  has 
affected  the  vitality  of  the  orgau  as  to  enable  the  bacteria  to  t 
their  morbid  action  upon  it;  in  other  words,  that  the  nervou> 
tern  plays  a  not  inconsiderable  part  in  the  production  of  the  inflam- 
matory process. 

Occasionally  there  is  seen  a  genuine  case  of  acute  bacterial  inva- 
sion of  the  kidneys,  which  appears  to  be  the  cause  of  a  train  of 
symptoms  such  as  have  been  sketched. 

Litten  not  long  ago  reported  two  cases — a  boy  and  a  girl — of 
renal  mycosis: 

The  boy  was  taken  ill  with  a  slight  ^astro-intestinal  eatarrh.  and  on  the 
third  day  a  rigor  and  considerable  pyrexia  occurred.  He  passed  on  that  day  ] 
about  seven  ounces  of  albuminous  urine,  but  on  the  three  following  day* 
passed  only  three  ounces,  The  pyrexia  assumed  a  remittent  type.  The  liver 
and  spleen  were  found  to  be  enlarged.  The  patient  became  delirious,  uncon- 
scious, and  death  occurred  after  a  series  of  convulsions.  The  girl's  symp- 
toins  were  almost  identical.  At  the  post-mortem  examinations  a  few  bac- 
teria were  found  in  the  liver  and  spleen,  but  the  kidneys  were  filled  wttk 
them  to  such  an  extent  that  they  could  not  be  injected. 


ion  due  to  nervous  origin  has  satisfactorily  been  demon- 
as  due  to  the  presence  of  bacteria,  it  seems  probable  that 
cases  can  be  explained  in  this  way,  and  that  there  exist  a 
number  which  are  due  to  nerve-action, 
nervous  origin  of  inflammation  and  fever  has  strongly  been 
ed  by  no  less  a  person  than  Lister  himself.     The  examples 
s  are  numerous  and  interesting.     He  seems,  indeed,  almost 
the  ground  that  the  nerves  play  a  more  important  part  in 
inflammations  than  do  bacteria.    Ogstou  vigorously  opposes 
eon.     But  it  seems  to  the  writer   that  Lister  rightly  at- 
3  to  check   the   growing   tendency  to   ascribe  all   morbid 
cs  to  the  presence   of  bacteria,  and   thus  to  overlook  facts 
tfive  many  valuable  hints  in  the  management  of  disease, 
ray  of  recapitulation  it  may  be  said  that  aseptic  fever  is  due 
absorption  of  substances  so  slightly  altered  as  to  resemble 
the  normal  tissues  or  fluids  of  the  body.     In  other  types  of 
1  fever,  such  as  traumatic  and  suppurative  fever,  it  will  be 
Jiat,  in  addition  to  the  above-mentioned  causes,  there  is  a 
ous  or  fever-producing  material  which   is  manufactured 
the  agency  of  micro-organisms  and  belongs  to  the  class  of 
ces  known  as  ptomaines.     The  bacteria  found  in  sloughing 
u rating  wounds  are  also  absorbed  at  the  same  time,  but  in 
lumbers   and  with  no  great  regularity,   and  they  do  not 
to  exert  any  special  influence  upon  these  morbid  processes. 

XIV.    SEPTICEMIA. 


In  addition  to  the  surgical  fevers  considered  in  the  pr 
chapter,  there  are  still  to  be  studied  two  types  of  fever  which,  <; 
account  of  their  fatal  character,  have  since  early  times  been  n" 
subject  of  anxious  thought  and  careful  investigation,  and  hai 
greatly  stimulated  modern  research.  Among  the  chief  bli 
that  have  followed  the  introduction  of  the  antiseptic  treatment  ( 
wounds  has  been  the  almost  total  abolition  of  these  pests  from  ho 
pital  wards.  They  are,  however,  still  occasionally  seen  wh< 
antisepsis  has  failed,  owing  perhaps  to  the  nature  of  the  wound  i 
the  very  unfavorable  conditions  under  which  it  has  been  treatei 
Such  cases  will,  for  instance,  probably  be  found  in  hospital  repor 
of  future  military  campaigns,  although  each  succeeding  war  hi 
shown  wonderful  improvement  in  the  success  attending  the  eflbf 
to  eradicate  prevent] ble  disease.  A  brief  reference  to  these  feve 
will  enable  the  reader  more  intelligently  to  study  the  problems  pn 
senting  themselves  for  investigation  and  the  results  that  have  bee 
obtained  throwing  light  upon  their  etiology. 

Billroth  has  well  said  that  septicaemia  bears  the  same  relation  { 
surgical  or  traumatic  fever  that  pyaemia  does  to  suppurative  fevei 
each  being  the  malignant  type  of  the  corresponding  milder  affix 
tion.  As  has  been  pointed  out  in  the  last  chapter,  surgical  fcv< 
occurs  in  the  early  stages  of  the  healing  of  the  wound,  before  suj 
puration  is  established,  and  it  is  principally  due  to  putreiacth 
changes  of  greater  or  lesser  degree  occurring  before  suppuratin 
finally  establishes  itself  and  cleans  the  wound.  In  the  samewa 
septicaemia  is  dependent  upon  the  contingency  of  septic  infectw 
of  the  wound  with  its  accompanying  changes,  and  it  is  from  eon 
plications  of  this  character  that  a  fatal  disease  is  developed  in  t\ 
system.  When  suppuration  is  established  the  materials  susceptih 
of  putrefactive  change  are  washed  away,  and  when  a  fatal  form  i 
infection  occurs  at  this  later  period  it  will  be  found  that  the  morli 
process  now  developed,  both  clinically  and  anatomically,  is  ve 
different  in  its  nature  from  septicaemia:  the  name  py&mia 
intended  to  indicate  close  association  with  the  process  of  | 
ration. 
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lowing  account  briefly  describes  a  case  of  septicaemia 
purred  in  the  writer's  experience: 

healthy  man  presented  himself  at  the  hospital  some  years  ago 

on  the  dorsum  of  the  foot.    Amputation  was  performed  at  the 

tion — that  is,  through  the  lower  third  of  the  tibia.     The  wound 

antiseptieally,  but  the  traumatic- fever  curve  was  from  the  begin- 

gh  one :  the  patient  did   not  complain  of  pain   or  distress,  but 

o  be  suffering  from  some  constitutional  disturbance.    The  wound 

i  and  a  thin,  somewhat  foul  serum  escaped  ;  it  was  then  thoroughly 

I  moist  dressings  applied  to  favor  discharge.   The  temperature, 

mied  to  rise  without  any  remission:   the  patient  gradually 

lirious,  then  comatose,  and  died  on  the  fourth  day.    At  the  autopsy 

f  importance  was  discovered  and  suppuration  had  not  established 

e  wound.     Although  aseptic  precatitions  had  been  taken  in  carry- 

e  operation,  infection  of  the  wound  took  place,  which   infection 

traced  to  a  dirty  sponge. 

case  presents  an  example  of  an  infection  of  the  system 
wound  propagating  itself  within  the  body,  and  progress- 
gh  a  series  of  changes  to  a  fatal  termination,  notwi tit- 
he efforts  directed  toward  the  removal  of  the  poison  at  its 
entrance.     Such  a  case  seems  to  offer  simple  conditions 
irposes  of  study,  but  of  all  the  surgical  infectious  diseases 
roved  a  problem  so  difficult  to  explain,  and  there  are  many 
ncerning  the  origin  of  septicaemia  that  still  are  obscure, 
be  necessary,  therefore,  to  enter  somewhat  elaborately 
rical  account  of  the  investigations  into  the  etiology 
emia,  which  involves  a  consideration  of  much  that  is  of 
ce  in  the  early  study  of  the  u  germ-theory  "  of  disease. 
ig  the  earliest  records  of  septicaemia  is  that  of  Hippoc- 
tio  recognized  it  as  a  constitutional   disturbance  aecom- 
putrefactiou   in  wounds,   particularly  head-injuries   and 
It  was  known   in   the  Middle  Ages  as  febris  putrida. 
notion  between  septicaemia  and  pyaemia  was  not  carefully 
owever,  and  it  was  not  until  the  nineteenth  century  that 
nl  name  was  first  given  to  it 
first   introduced    the    term    septicemia   (from   <njrrr^6c» 
blood),  and,   notwithstanding   various   changes,  this 
stantially  has  been  preserved  until  the  present  time, 
early  part  of  the  present  century  attempts  at  experimen- 
igation  of  the  origin  of  the  disease  were  made  upon  ani- 
aspard  injected  putrefying  fluids  into  the  tissue  of  animals, 
result  of  obtaining  a  disease  resembling  septicaemia.    The 
animal  dead  of  the  disease  thus  produced  was  injected 
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into  another  animal,  and,  the  disease  being  thus  transmi: 
concluded    that    the   blood  of    the   second    animal    had    becoin 
infective. 

In  1850,  Davaine's  demonstration  of  the  anthrax  bacillus 
blood  of  animals  affected  with  splenic  fever  produced  a  profoun 
impression  upon  the  scientific  world,  and  the  sentiment  of  the  tin 
was  strongly  set  in  favor  of  the  tl  germ- theory  "  of  the  disc 

The  very  able  investigations,  in  1856,  of  Panum,  a  Danis 
observer,  could  not  be  overlooked,  however,  and  it  soon  became 
question  whether  septicaemia  should,  after  all,  be  reckoned  amon 
the  bacterial  diseases.  Pannm  performed  upon  animals  a  SC 
inoculations  with  decomposing  tissues  of  various  kinds,  such  3 
brain,  muscle,  connective  tissue,  etc.  He  obtained  a  putrid  poiso; 
which  did  not  lose  its  strength  by  filtering,  and  which  was  qg 
destroyed  after  two-thirds  of  it  had  been  evaporated  and  tht 
remainder  subjected  to  a  temperature  of  ioo°  C.  for  eleven  hours. 
He  concluded  that  bacteria  were  not  the  poisonous  principle,  but 
that  a  chemical  substance  existed  (soluble  in  water)  which  would 
produce  the  symptoms  of  putrid  or  septic  infection.  The  intensity 
of  this  poison  he  compared  to  the  venom  of  serpents  and  to  curare. 

Attempts  were  now  made  to  study  this  "putrid  poison"  more 
accurately,  and  Bergman  n  thought  he  had  obtained  from  putrid 
yeast  and  decomposed  blood  the  active  principle  in  the  form  of 
needle-like  crystals,  to  which  he  gave  the  name  sulphate  of  scfisin, 
0,01  gramme  of  which,  dissolved  in  water  and  injected  into  the 
veins  of  dogs,  produced  gastro-enteritis. 

Pasteur  believed  the  active  agent  concerned  in  the  production 
of  septicaemia  to  be  an  organism  which  he  called  the  "vibrionsep- 
tique."    An  apparent  confirmation  of  Pasteur's  views  was  obtained 
by  his  filtration  of  blood  containing  the  bacilli  of  anthrax  through 
earthen  cylinders,  an  inoculation  of  animals  with  the  filtrate  fell- 
ing to  produce  any  effect     It  must  be  remembered,  howev- 
anthrax  is  a  true  mycosis,  the  purest  type  of  bacterial  disease. 
Siegel,  who  successfully  separated  the  bacteria  from  putrid 
showed  that  the  injection  of  the  filtrate  into  animals,  although  i 
did  not  produce  genuine  septicaemia,  produced  a  putrid  it 
tii'ii — that  is,  a  ptomaine-poisoning,  a  type  of  blood-poisoning. 

Coze  and  Feltz  were  among  the  first  (1865)  to  carry  out  a  seri 
of  inoculations  on  animals.  They  used  the  blood  of  a  person  wl 
died  of  septicaemia,  and  succeeded  in  inoculating  into  another  r3i 
bit  the  blood  of  a  rabbit  which  died  from  the  effects  of  the  injccti«3 
and  in  transmitting  the  poison  in  this  way  from  animal  to 
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Passing  now  to  more  recent  investigations,    it   is   found  that 
Ogstoti  takes  the  ground  that  infective  inflammation  septicemia, 
and  pyaemia  are  all  different  phases  of  the  same  disease — namely, 
tnicrococcus-poisoniug.     In  septicaemia  he  thinks  one  should  not 
dwell  too  much  upon  the  idea  conveyed  by  the  old-fashioned  term 
blood-poisoning, "  but  should   remember  that  the  points  where 
poison  lodges,  where  the   various  foci  of  infection   consequently 
,  are  in  the  tissues  rather  than  in  the  blood,  and  that  from 
these  various  sources  micrococci   to  some  extent,  but  chiefly  pto- 
maines, pass  into  the  circulation  aud  are  distributed  over  the  body. 
If  the  poison  is  strong  enough,  the  micrococci  colonize,  and  there 
ire  produced  the  metastatic  abscesses  of  pyaemia. 
Koch  injected  putrefying  fluids,  such  as  blood  and  meat-infu- 
%  under  the  skin  of  the  back  in  mice.     In  a  certain  number 
of  cases  marked  symptoms  were  observed  in  these  animals  imme- 
diately after  the  injection,  and  death  took   place  in   from   four  to 
eight  hours.      If  blood  taken  from  the  right  auricle  of  an  injected 
-e  was  introduced  into  another  mouse,  no  effect  was  produced; 
no  bacteria  were  found  in  the  blood  nor  in  the  internal  organs. 
"The  animal/*  he  says,  "has  died  not  from  an  infective  disease, 
imply  from  the  effects  of  a  chemical  poison.11     This  assertion 
was  proved  by  diminishing  the  dose,  the  symptoms  diminishing 
correspond ingly  in  intensity,  until  they  were  found  to  be  absent 
entirely  when  only  one  or  two  drops  were  injected. 
Another  group  of  cases,  however,  would  begin  to  show  sy nip- 
after  the  lapse  of  twenty-four  hours,  even  when  less  than  a 
drop  of  putrid  fluid  had  been  used.     Symptoms  of  septicaemia  then 
ioped  themselves,  and  the  animal  died  in  from  forty  to  sixty 
hours  after  the  inoculation.      Even   so  small  a  quantity  of  fluid  as 
■tenth  of  a  drop  taken  from  the  subcutaneous  oedema  or  from 
heart  of  such  an  animal,  and  inoculated  into  another  mouse, 
produced  the  same  group  of  symptoms  after  the  same  period  of 
ion.    These  inoculations  were  successfully  repeated  through 
a  series  of  seventeen  individuals.     Koch  succeeded  also  in  obtain- 
ing a  disease  resembling  septicaemia  in  rabbits.      In  this  case  the 
organisms  were  micrococci,  considerably  smaller  than  pus-cocci. 
These  organisms  were  well  shown  in  the  glomeruli  of  the  kidney 
and  in  extravasations  found  on  the  surface  of  the  intestines, 

Hftte,  then,  are  found  two  distinct  types  of  disease  experimen- 

produced:  First,  putrid  infection  or  intoxication  or  poisoning 

fcj  a  chemical  substance,  a  disease  similar  to  that  described  by 

Duncan  as  saprcemin  {ertmpot,  putrid,  «J/^«,  blood),  where  the  symp* 
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toms  begin  immediately  and  correspond  in  intensity  to  the  dose  of 
the  poison.  Secondly,  septic  infection,  bacterial  poisoning,  or,  as 
it  tfl  sometimes  called,  "mycosis"  (from  jufcfC,  a  fungus),  coming 
on  after  an  interval,  but  progressing  to  a  fatal  termination  inde- 
pendently of  the  condition  of  the  wound.  The  form  of  bacteria  is 
not  always  the  same,  and  Koch,  moreover,  found  that  certain 
mals — as,  for  instance,  the  field-mouse — were  quite  insusceptible  to 
the  septicaemia  of  the  house-mouse;  in  other  words,  that  no  one 
form  of  bacteria  was  found  that  could  be  regarded  as  the  specific 
organism  of  septicaemia. 

Blood-cultures  taken  by  Rosenbach  from  cases  of  septicemia  in 
man  proved  sterile.     Staphylococci  were  found,   however,   in  the* 
blood  in  three  cases  of  human  septicaemia.     This  failure  to  obtain*- 
a  constant  organism,  he  thinks,  does  not  prove  that  with  improve©*, 
methods  we  may  not  be  able  to  demonstrate  its  bacterial  orig 
As  a  result  of  his  investigations  Rosenbach  concludes  that  in  mo^ 
cases  of  human  septicaemia  we  do  not  have  bacterial  invasion;  t^. 
symptoms  are  more  likely  due  to  the  absorption  of  poisonous  f^^ 
ments  or  ptomaines. 

Von  Eiselberg,  an  assistant  of  Billroth,  examined  the  blood  ^ 
many  cases  of  septic  fever,  and  was  able  to  demonstrate  the  present 
of  staphylococci  and  streptococci.  Cheyne,  who  quotes  this  obsei 
lion,  regards  it  simply  as  an  example  of  the  accidental  presence, 
these  organisms  when  they  were  apparently  doing  no  harm.  Bes»r 
examined  during  life  the  blood  of  16  patients  afflicted  with  I 
matic  septicaemia,  and  found  streptococci  in  4  of  them  after  death. 
They  were  present  in  the  blood  in  7  out  of  15  cases;  in  the  organs, 
in  16  out  of  18  cases.  This  author  thinks  that  septicaemia  is  pro- 
duced solely  by  the  streptococcus. 

Baumgarten  is  in  doubt  as  to  whether  the  symptoms  of  septica 
tttia  are  exclusively  due  to  bacterial  invasion  or  whether  some 
them  may  not  be  caused  by  ptomaines.     The  evidence  sho        J 
the  bacteria  are  not  numerous  enough  to  produce  all  the 
of  the  disease.     He  has  not  been  able  to  get  bacteria  from  sp 
cultures  of  fragments  of  organs  removed  for  that  purpose. 
had  been  possible  to  find  the  bacteria,  such  a  method  ought  to  I 
given  tangible  evidence  of  their  presence.     He  cannot  believe 
such  symptoms  as  febrile   disturbance,  disorders  of  the  neJ 
system,  and  cloudy  swelling  of  the  heart,  liver,  and  kidnef 
due  to  the  presence  of  bacteria.     Baumgarten  is  inclined  toj 
therefore,  that  the  toxic  element  predominates  and  exer 
ous  influence  before  the  bacteria  have  an  opportunity  to  him 


; 


Gussenbauer  recognizes  the  difference  between  septic  intoxica- 
tion and  septic  infection,  but  thinks  that  at  the  bedside  there  may 
generally  be  seen  a  mixture  of  the  two  types.  He  has  repeatedly 
t>eeu  able  to  make  cultures  of  micrococci  from  the  blood  of  septi- 
cemic patients,  and  to  observe  them  microscopically  in  the  freshly- 
drawn  blood. 

According  to  Neelsen>  in  true  septicemia  bacteria  exist  in  the 
body,  but  they  are  hard  to  find.     The  most  certain  method  of 
demonstrating   them   is   to   remove   fragments  of  organs  and   to 
allow  them  to  brew  at  bodily  temperatures.     He   is   obliged   to 
assume  in  these  cases  that  a  poison  of  great  intensity  is  given  off 
by  the  organisms,  which  poison  kills  before  they  can  multiply  to 
i^reat  extent — a  sort  of  "toxic  mycosis." 
ingiin  thinks  that  the  bacterid  may  produce  a  ptomaine  not 
exactly  in  this  way,  but  by  splitting  up  pre-existing  and  complex 
compounds  in  the  body,  and  that,  according  to  the  latest  view,  each 
specific  or  pathogenic  form  of  bacteria  produces  its  own  character- 
poison  or  poisons. 
The  opinions  expressed  by  the  authors  above  quoted  show  that 
surgical  knowledge  of  the  poison  of  septicemia  is  yet  incomplete. 
There  seems  to  be   no  question   about   the  existence  of  a  purely 
chemical  or  ptomaine  poisoning  in  certain  cases,  for  not  only  is  the 
type  obtained  in  its  purity  in  laboratory  experiments  upon  animals, 
tut  it  is  also  seen  at  the  bedside  under  circumstances  that  leave 
doubt  as  to  its  true  character. 
A  bacterial  form  of  septicaemia  is  found  also  in  animals.     The 
difficulty  in  finding  micro-organisms  in  the  blood  of  human  beings 
affected  with  septicaemia  appears  to  be  due  to  the  fact  that  they  are 
npidly  swept  through  the  large  vessels,  and  are  therefore  found  in 
the  general  circulation  during  but  brief  periods  of  time.     They 
accumulate,  however,  in  the  capillaries,  and  there  have  an  oppor- 
tunity to  multiply.     When  the  process  is  unusually  virulent,  and 
the  conditions  for  the  development  of  the  organisms  are  therefore 
Me,  they  may  eventually  be  found  in  large  numbers  in  the 
general  circulation.     It  is  for  this  reason  that  the  presence  of  bac- 
Una  in  the  blood  of  septicemic  persons  is  observed  only  under 
ivorable  conditions.     The  organism  which  is  almost  always 
found  in  the  blood  of  septic  cases  is  the  streptococcus  pyogenes, 
and  other  forms  of  bacteria  are  but  rarely  observed. 

True  septicaemia  in  man  follows  closely  the  progressive  charac- 
ter of  the  symptoms  observed  iu  bacterial  septicaemia  of  animals: 
an  interval  follows  the  moment  of  infection,  and  the  disease  then 
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progresses  to  its  fatal  termination,  producing  its  characteristic 
symptoms  in  their  regular  order,  notwithstanding  what  may  b< 
dune  at  the  point  of  entrance  of  the  organisms  to  check  it.  I 
is  a  process  going  on  inside  the  body  independently  of  the  wound 
Whether  this  process  is  caused  solely  by  the  multiplication  of  bac- 
teria, or  is  dependent  in  part  upon  the  liberation  of  intensely  pow- 
erful poisons,  or  is  due  to  some  ferment-like  substance  capable  of 
reproducing  itself,  like  the  poison  of  the  serpent,  as  in  diphtheria 
and  tetanus,  much  more  extensive  studies  upon  the  human  subjeel 
will  be  necessary  to  enable  us  to  say. 

Harrington  reports  the  case  of  a  surgeon  in  whom  septicemia  developed 
after  a  slight  injury  to  the  finger  by  a  needle  during  an  operation  for  "  puru- 
lent peritonitis,  probably  of  appendicular  origin."  Death  occurred  on  tb* 
sixth  day.  Pure  growths  of  streptococci  were  obtained  by  Stone  from  cultures 
taken  from  the  heart's  blood,  the  liver,  the  kidney,  the  spleen,  and  the  i 


\ 

i,     t,; — Infiltration  of  Muscular  Tissue  with  Streptococci  in  a  case  of  Septiarmia  of  Mm. 
The  blood  vessels  contain  numerous  leucocytes,  but  none  are  found  in  the  sun 
■nectivc  tbrae. 

taneous  tissues  of  the  thigh  (Fig.  8).    Sections  of  the  muscles  of  the  th 
showed  that  all  the  intermuscular  spaces  were  distended  by  amass  of  I 
teria,  and  there  was  no  infiltration  of  leucocytes  into  the  t 
blood-vessels  seemed  to  contain    in  unusually  Urge  number  of  white  bio 
corpuscles  I  Fig.  67).     In  sections  of  the  kidney  the  bacteria  were  de 
st riitcd  with  considerable  difficulty,  in  spite  of  the  fact  that  the  amount 
kidney-substance  that  could  be  picked   up  with   a  small    wire  loop 
over  one  hundred  colonies  when  planted.     When  found  the  cocci  were  in  t 
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intercellular  spaces.  Neither  in  the  kidney  nor  in  the  muscular  tissue  was 
there  any  suggestion  of  arrangement  of  the  cocci  in  chains.  This  was  to  be 
figen  cty  when  cultivated  outside  of  the  body. 

Tht  next  point  to  be  considered  is  the  mode  of  entrance  of  the 
^*>;  tk*  body.     Of  course  by  far  the  most  frequent  route  of 

introduction,  as  the  surgeon  sees  it,  is  through  a  wound  which  has 
txcome  infected  by  the  failure  of  antiseptic  precautions  in  an  ope- 
ration or  from  the  exposure  which  necessarily  accompanies  a  severe 
1  njury. 

The  conditions  in  a  wound  favorable  for  septicaemia  are  those 

^■ffaich  accompany  gangrene  or  sloughing  of  the  tissue,  although 

^otne  of  the  most  malignant  types  of  the  disease  may  occur  when 

the  wound  has  been  insignificant  in    size.      Septic  infection  may 

accompany  other  traumatic  infective  diseases,  such  as  erysipelas  and 

hospital  gangrene,  particularly  the  latter,  and  sudden  putrefaction 

of  the  contents  of  a  wound,  such  as  is  likely  to  occur  in  an  infected 

wound  containing  blood-clots  or  imprisoned  pus.      Such   cases  as 

these  would  probably  be  followed  by  that  variety  of  blood-poison- 

.;nown  as  sapr&mia. 

But  it  is  not  through  wounds  alone  that  the  virus  finds  its  way 
the  body.     The  skin  is  indeed  a  sure  protection,  when  in  its 
normal  condition,  against  the  invasion  of  microbes  or  ptomaines. 
The  mucous  membranes  are  not  so  protective  in  character.     The 
itinal  canal  is  filled  with  bacteria  of  various  kinds  in  its  entire 
extent,   and  under  conditions  favorable  to  them    they   will  often 
make  a  raid  upon  the  interior  of  the  body.     In  individuals  of 
broken-down  and  enfeebled  constitutions  it  is  not  improbable  that 
examination  of  the  blood  at  intervals  would  show  the  presence 
micrococci.     As  Cheyne  has  shown,  a  local  injury  or  an  inflam- 
mation will  furnish  a  lodging  for  these  wandering  organisms,  and 
a  focus  of  infective  inflammation  will   at  once  be   established   by 
which  a  general  infection  of  the  system  may  be  produced.     Chau- 
vcau  has,  in  fact,  artificially  imitated  such  a  disease  by  injecting 
putrid  material  into  the  veins  of  animals,  and  in  then  producing  a 
local  inflammation,  such  as  fracture  of  a  bone.    Such  cases  as  these 
are  occasionally  seen  arising  apparently  spontaneously  in  man,  and 
they  were  at  one  time  supposed  to  be  examples  of  "spontaneous 
septicaemia."     In  these  cases  an  acute  or  infective  inflammation  is 
usually  found  somewhere  to  account  for  the  constitutional  symp- 
toms.    In   former  times  these  foci  were  often  overlooked,  perhaps 
partly  on  account  of  the  violence  of  the  constitutional  symptoms, 
it  was  therefore  supposed  that  a  sort  of  miasmatic  infection  had 
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taken  place.      The  origin  of  such    forms  can  now  be  traced 
various  well-recognized  surgical  affections. 

One  of  the  commonest  of  these  affections  is  acute  osteomyelitis, 
which  occurs  in  the  long  bones  of  the  young  following  si: 
injuries  or  following  exposure  in  individuals  of  enfeebled  constitu- 
tion.    The  onset  of  such  inflammation  is  exceedingly  violent,  and^   "*^c. 
the  conditions  for  absorption  of  the  virus  are  unusually  favorable.        +<f 
A  certain  number  of  such  cases  die  in  the  early  stages  of  the  dia^ 
ease  before  even  suppuration  is  established.    Similar  inflammation^    B 
may  occur  in  other  parts  of  the  body,  as  will  be  seen  presently. 

It  can  only  be  assumed,  by  way  of  explanation  of  the  origin 
these  cases,  that  an  invasion  of  bacteria  has  taken  place  throaty 
the   intestinal  canal,   and    that  they  have  obtained   lodgment  aj 
some  bruised  or  weakened  or  inflamed  spot,  or  that  the  organ; 
have  obtained  an  entrance  through  some  minute  wound. 

But  in  some  cases  there  is  direct  proof  that  an  infection  takes 
place  through  the  intestinal  mucous  membrane.    Sepsis  iniestin 
is   now   a   well-recognized   affection,   resulting   usually   from  the 
absorption  of  poisonous  substances  in  food. 

Vaughn  gives  an  excellent  description  of  the  result  of  poisoning 
by  eating  canned  meats,  sausages,  ice-cream,  and  cheese,  in  the 
latter  substance  he  found  a  ptomaine  that  he  named  (\ 
which  is  now  generally  regarded  as  the  active  principle  in  many  of 
these  cases  of  poisoning.  This  observation  would  place  this  group 
of  affections  in  the  class  of  sapnemia  or  poisoning  by  a  chemical 
substance — an  "intoxication."  It  seems  difficult  to  belie  V' 
the  numerous  intestinal  bacteria  play  no  part  in  the  process,  and 
that  in  addition  to  the  "intoxication"  there  is  not  also,  to  some 
extent,  "mycosis"  of  the  system.  This  is,  indeed,  the  view  of 
many  observers,  but  Vaughn's  studies  led  him  to  relegate  the  intes- 
tinal bacteria  to  quite  a  subordinate  role  in  the  process. 

With  regard  to  the  respiratory  tract  as  an  avenue  of  entrance 
for  the  poison  of  septicaemia,  it  does  not,  at  first  view,  seem  prob- 
able that  an  example  of  such  a  mode  of  infection  should  ever 
occur,  Ogston,  however,  recognizes  as  one  of  the  mildest  forms 
of  saprsemia  the  sickness  and  nausea  produced  by  a  bad 
which,  as  he  says,  is  but  a  ptomaine  of  putridity,  and  which 
under  certain  contingencies  may  produce  serious  symptoms.  Some 
of  the  cases  of  fever  supposed  to  be  due  to  sewer  gas  do  not  dife 
essentially  from  the  more  strictly  surgical  forms  of  blood-poisoning- 
Gusseubauer  suggests  that  the  inhalation  of  such  gases  may  predis- 
pose the  system  to  the  invasion  of  bacteria.     A  curious  fact  in  this 


nples  of  infection  through  the  genito-urinary  tract  occur 
rbcn  this  region  is  still  in  a  normal  condition.  The  follow- 
crhaps  such  a  case: 

n  thirty  years  of  age  entered  the  hospital  with  symptoms  of  stone 
months'  standing.  A  plmspliatic  calculus  of  about  So  grains  was 
by  litholapaxy,  the  operation  lasting  twenty  minutes.  No  blood 
nnne  after  or  during  the  operation.  Examination  of  the  uriue 
jo  disease  of  the  kidneys.  The  patient's  general  health  had  always 
d.  The  temperature,  however,  ranged  in  the  neighborhood  of  1050 
veek,  during  which  time  the  urine  was  loaded  with  bacteria.  The 
dually  subsided,  the  bacteria  disappeared,  and  the  man  made  a  rapid 
at  the  end  of  that  time. 


rrfect  asepsis  had  been  preserved  during  the  operation  in 
yability,  and  infection  through  the  urinary  tract  had  conse- 
taken  place.  The  danger  of  operating  upon  those  whose 
.  are  in  the  condition  known  as  "surgical"  is  familiar  to 
eons.  In  this  case  an  organ  already  contending  with  bac- 
iflammation  of  a  chronic  character  suddenly  ceases  to  resist 
i  as  the  result  of  the  shock  and  depressing  influence  of  a 
!  operation  or  of  a  fresh  infection. 

ing  now  to  the  symptoms  of  septic  infection^  the  purely 
nn  will  first  be  considered,  inasmuch  as  some  authors,  par- 
y  recent  writers,  dwell  upon  the  importance  of  distinguish- 
s  of  saprcemia,  or  pure  ptomaine-poisoning,  from  the  other 
.Ithough  the  writer  does  not  feel  that  we  are  yet  fully  justi- 
ecognizing  this  as  a  separate  disease  in  the  present  state  of 
•wledge. 


rapid  rise  of  temperature  to  ioi°  or  1030  F.,  rarely  higher.  The 
changes  in  the  blood  are  marked,  the  patient  becoming  a: 
there  is  some  leucocytosis,  but  the  chief  change  is  in  the  number 
of  red  corpuscles,  that  varies  directly  with  the  degree  of  blood- 
poisoning.  In  the  early  stages  there  is  headache  with  nausea  and 
vomiting,  and  later  diarrhoea  and  purging. 

The  blood,  the  nervous  system,  and  the  intestinal  canal  appear 
to  be  the  parts  chiefly  attacked  by  the  poison.  The  inflaim 
condition  of  the  intestinal  canal  may  be  due  in  part  to  an  effort 
of  the  system  to  eliminate  the  virus.  The  temperature  is  cumin- 
uously  high,  and  delirium  supervenes,  followed  by  coma  in  fetal 
cases. 

In  no  disease  are  the  results  of  treatment  more  striking  and 
satisfactory  than  in  this,  a  prompt  removal  of  the  putrefying  con- 
tents of  the  uterus  being  followed  in  a  few  hours  by  a  fall  of  tem- 
perature, a  disappearance  of  all  alarming  symptoms,  and  a  reinm 
to  a  comfortable  condition. 

The  removal  of  the  clots  or  placental  remains  can  be  effected 
either  manually  and  instnimen tally  or  by  an  antiseptic  douche, 
which  should  carefully  be  introduced  into  the  interior  of  the  ute» 
rus,  care  being  also  taken  against  the  introduction  of  air  into  the 
marine  sinuses.    This  douche  should  consist,  according  to  Duncan. 
in  cases  where  the  state  of  putrefaction  is  advanced  and  the  lochia 
consequently  are  exceedingly   foul,  in  the  injection  of  a  solution 
( 1  :  40)  of  carbolic  acid.     The  writer  takes  occasion,  however,  c 
warn  the  surgeon  that  solutions  of  this  strength  are  liable  top! 
duce  symptoms  of  carbolic  poisoning  if  used  in  large  quantities 
in  repeated  doses,  and  that  in  surgery  such  solutions  are  now 
less  frequently  than  formerly.     Often  a  dose  of  ergot  may  alone  hw 
sufficient  to  evacuate  the  uterus,  in  which  case  it  will  be  well  to  b^1 
content  with  a  vaginal  injection. 

The  writer  has  dwelt  upon  a  subject  not  strictly  surgical*' 
because  there  occurs  in  the  puerperal  state  the  best  example  of! 
this  type  of  poisoning,  and  the  lesson  it  conveys  as  to  treatment 
is  so  obvious  as  not  easily  to  be  forgotten.  The  surgeon  canno*« 
always  expect,  however,  to  accomplish  so  satisfactory  a  cure,  for  no^ 
infrequently  the  poison  of  septicaemia  will  be  mingled  with  that  o^ 
sapnemia,  and  the  improvement  will  therefore  be  but  temporary'" 
unfavorable  symptoms  reappearing  when  the  period  of  incubaties 
lias  passed  and  when  the  virus  is  beginning  to  act  upon  the  systeflKS 

Unfortunately,  cases  of  the  pure  sapraemic  type  are  rare  in  sis 
gery.     The  condition  most  favorable  in  the  wound  for  the  develc^p 


the  disease  is  the  presence  of  unusually  large  quantities 
ood-clot  or  serum,  or  of  gangrenous  or  sloughing  tissues, 
mlarly  in  such  situations  as  prevent  an  easy  access  of  the 
up  materials  to  the  surface.  Such  conditions  occasionally 
■  after  opening  a  deep-seated  abscess,  when  large  veins  have 
exposed,  or  in  the  peritoneal  cavity  after  the  removal  of 
ninal  tumors, 

II  such  fluids,  if  they  are  preserved  in  an  aseptic  condition,  will 
ice  nothing  more  than  a  slight  rise  of  temperature  (aseptic 
)  if  absorbed,  but  if  allowed  to  remain  stagnant  they  are,  in 
in  situations — as  in  the  vicinity  of  the  intestinal  canal — 
inely  liable  to  bacterial  invasion,  even  though  external  asepsis 
leen  successfully  carried  out.  It  is,  therefore,  highly  important 
thorough  drainage  should  be  provided  when  a  tendency  to 
ig  of  blood  is  liable  to  occur,  particularly  in  the  peritoneal 
v  when  the  wonderfully  rapid  absorbing  action  of  the  perito- 
j  has  been  impaired.  The  accompanying  chart  represents  the 
-curve  in  a  case  of  resection  of  the  knee-joint.  On  the  fourth 
an  infection  of  the  wound  occurred  from  a  concealed  sinus : 
ing  and  disinfection  of  the  wound  and  sinus  were  promptly 
wed  by  a  fall  of  temperature  (Fig.  68). 
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he  constitutional  disturbance  in  true  septicemia  does  not  differ 
rially  from  that  just  mentioned  in  the  initial  stages.  The  main 
euce  consists  in  the  more  gradual  onset  of  the  disease,  a  period 
cubation  existing  before  the  presence  of  the  virus  makes  itself 
Usually  after  a  capital  operation  there  will  be  considerable 
of  temperature  even  in  favorable  cases.     At  the  end  of 
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forty-eight  hours,  however,  an  improvement  is  usually  expected, 
and  for  this  reason,  probably,  there  has  arisen  the  popular  belief 
that  by  the  third  day  the  surgeon  is  able  to  tell  whether  the  patient 
is  going  to  make  an  uncomplicated  and  rapid  recovery  or  not    If 
at  this  time  the  temperature  still   remains  high,  or  even  increases, 
some  unfavorable  conditions  are  liable  to  be  discovered  existing 
the  wound,   and   on    removing    the    dressing    it  will    probably  be 
found  that  a  septic  infection  has  taken  place,  and  that  one  or  more 
of  the  symptoms  of  infective  inflammation  are  present.     Occasion- 
ally the  removal  of  stitches,  or  the  effective  disinfection  and  drain- 
age  of  the  wound,  may  be  sufficient  to  arrest  further  constitute 
disturbance,  but  if  genuine  septicaemia  develops,  whatever  maybe 
done  to  the  wound  will  be  of  little  avail. 

With  the  access  of  fever  which  marks  the  beginning  of  the  dis- 
ease there  is,  as   in  sapramiia,  rarely  a  chill.     Great  prostration 
with  headache  and  loss  of  appetite  are  soon  followed  by  a  typhoid- 
like indifference  to  all  surroundings,  a  sort  of  stupor  which  rondos 
the  patient  disinclined  to  make  complaint  as  to  his  condition  off 
feelings.     The  variations  in  the  temperature  correspond  more  or 
less  accurately  with  the  local  condition  of  inflammation  in  the 
wound,  but  in  some  of  the  most  malignant  types  the  wound  itself 
may  be  a  trivial  one  and  the  amount  of  local  septic  disturbance 
may  be  comparatively  small.    There  is  a  slight  morning  remission, 
but  the  fever  is  essentially  a  continued  one,  and  it  increases  in 
degree,  with  perhaps  a  rapid  rise  at  the  end  of  a  fatal  case  (Fig.  69)— 
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Fig.  69. — Septicemia. 

calls  attention  to  a  certain  class  of  cases 
rmal  temperature  caused  by  the  absorption 
s,  to  which  he  gives  the  name  "ammoruenii 
ay  be  seen  in  connection  with  gangrenous  h 
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has  even  been  mistaken  for  shock.  Many  such  cases  doubtless 
xtong  to  the  saprsemic  type  of  blood-poisoning,  and,  coming 
tnmediately  after  the  operation  or  iujury — such,  for  instance,  as  a 
xriiet rating  gunshot  wound  of  the  abdomen — might  readily  give 
rise  to  such  an  error  of  diagnosis.  Until  Marion  Sims  called 
attention  to  the  importance  of  laparotomy  and  to  the  toilet  of  the 
peritoneum  in  such  cases,  many  a  patient  was  undoubtedly  allowed 
lo  die  of  supposed  shock  who  otherwise  might  have  been  saved 
£rom  a  rapid  poisoning. 

The  effect  which  the  poison  has  upon  the  lymphatic  system   is 
well  marked.     In  some  cases  there  is  seen  from  the  begin- 
ning tan  acute  lymphangitis,  but  this  symptom  belongs  to  a  class 
of  cases   that    will    be    considered    later.       In    those    cases   which 
run  a  very  rapid  course  an  enlargement  of  the  lymphatic 
may  be  noticed,  particularly  in  the  parts  communicating 
directly  with   the  wound.     The  entire  lymphatic  system  will  be 
or  less  affected,  and  this  condition  will  show  itself  in  an  en- 
ent  of  the  spleen,  which  occasionally  may  become  so  hyper- 
ied  as  to  produce  a  distinct  area  of  dulness.     This  is  usually 
considered  one  of  the  characteristic  symptoms  of  septicaemia,  and 
should  always  be  sought  for.     Another  symptom  characteristic  of 
the  disease   is  diarrhoea,  which   is  usually  not  troublesome,   and 
which  can  without  difficulty  be  controlled  by  appropriate  remedies. 
/r  is,  however,  frequently  present,  and  may  aid  in  the  making  of  a 
osis.     At  times  the  symptoms  of  gastro-euteritis   are  more 
»catet  and  sometimes  there  are  rice-water  discharges  and  vomiting, 
i*en  when  the  rotite  of  the  infection  has  not  been  through  the 
itestinal  canal,  as  in  cases  of  canned-meat  poisoning. 

A  slight  discoloration  of  the  skin,  with  a  faint  yellow  tinge  of  the 
njunctivae,  is  sometimes  seen  in  this  disease,  but  the  icterus  is 
f  less  marked  than  in  pyamiia.  It  is  probable  that  the  icterus  is 
fi  -niatogenous,  and  is  dependent  upon  the  breaking  down  of  the 
d.  corpuscles.  In  addition  to  this  change  in  the  blood  there  will 
*Obab1y  also  be  found  an  increase  in  the  number  of  white  corpus- 
's and  the  presence  of  micrococci,  if  the  blood  is  examined 
i  nng  life. 

The  pulse  is  rapid,  and  in  dangerous  cases  is  weak.  Heart  fail- 
le is  a  complication  that  the  surgeon  must  be  prepared  to  meet. 
ymptomsof  ulcerative  endocarditis  or  of  pericarditis  are  not  likely 
o  be  observed.  Scarlet  eruptions  of  the  skin  are  not  uncommon, 
has  been  shown  in  the  remarks  on  surgical  scarlet  fever  in  the 
ing  chapter.     The  character  of  the  rash  may  vary  greatly 


34^ 


SURGICAL  PATHOLOGY  AND    THERAPEUTICS. 


from   simple   erythema  to  a   pustular  or  hemorrhagic  erupti 
Hoffa  has  obtained  from  the  skin  of  patients  thus  affected  rail 
cocci  which  were  not  pyogenic.    The  eruption  is  explained  by  1 
as  being  caused  by  them,  their  presence  bringing  about  a  capill 
thrombosis  in  the  vessels  of  the  skin.     It  is  hardly  probable  t 
the   bacteria   are   present   in    sufficient    numbers    to   produce 
actual  plugging  of  the  vessels,  but  they  probably  act   upon 
fibrin-ferment  in  a  way  to  produce   a  considerable  coagulation 
blood  in  the  capillary  vessels.     A  similar  condition  of  the  vesj 
of  the  retina  gives  rise  to  retinitis,  which,  however,  does  not  ma 
itself  perceptible  as  a  symptom,  but  it  may  sometimes  be  detect 
with  the  ophthalmoscope. 

These  are  the  principal  symptoms  to  be  observed  in  seve 
examples  of  the  disease.  In  milder  forms  many  of  them  mavt 
wanting.  It  is  of  course  difficult  to  determine  precisely  when 
case  of  surgical  fever  reaches  that  degTee  of  severity  wMc 
justifies  the  surgeon  in  giving  a  diagnosis  of  septicaemia,  bi 
undoubtedly  many  cases  of  genuine  septic  infection  of  the  systr 
are  seen  that  eventually  recover.  In  such  cases  the  disease  m 
assume  a  chronic  form,  running  a  course  of  two  or  three  week 
duration.  A  marked  feature  of  this  type  is  enlargement  of  tl 
spleen,  which  may  become  a  tumor  of  considerable  size.  Tl 
temperature  does  not  rise  so  high  as  in  the  acute  form. 

In  the  more  malignant  cases  of  septicaemia  as  the  disease  pt 
gresses  the  wound  will  become  unusually  foul.  Heuter,  indee 
thought  that  the  smell  of  a  septicemic  patient  was  characterise 
and  that  a  good  surgeon  ought  to  be  able  to  make  the  diagna 
with  his  nose.  With  the  powerful  antiseptics  of  to-day  he  cob 
hardly  be  expected  to  rely  upon  any  such  symptom. 

The  temperature  continues  to  rise,  and  the  skin,  which  is  fi 
hot  and  dry,  later  becomes  bathed  in  perspiration.  The  icteric  h 
will  now  be  more  marked.  The  prostration  is  at  this  time  v< 
great,  and  the  patient  has  a  listless  expression.  Septicaen 
patients  are  not  usually  troublesome;  they  make  but  few  co 
plaints  even  when  questioned  as  to  their  feelings.  Their  conditi 
has  been  described  as  one  of  u  euphoria."  There  is  a  dull  expr 
sion  on  the  face  that  finally  gives  place  to  a  sort  of  death  stare, 
familiar  but  unwelcome  a  sign  to  the  unsuccessful  operator.  Br« 
cliial  symptoms,  with  quickened  respiration,  make  their  appearan 
diarrhoea  continues,  and  the  stools  are  offensive;  the  urine  is  c 
centra  ted  and  scanty.  Stupor  is  succeeded  by  delirium,  anc 
the  appearance  of  coma  the  patient  becomes  moribund. 


: 
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The  post-mortem  appearances  of  septicaemia  show  but  little  evi- 
dence of  gross  change  in  the  internal  organs.  A  more  careful 
study  of  them,  however,  has  shown  that  considerable  alterations 
exist.  Putrefaction  of  the  cadaver  takes  place  more  rapidly  than 
in  the  bodies  of  those  who  have  died  from  any  other  disease.  The 
blood  is  of  a  tar-like  consistency  and  shows  little  tendency  to  coag- 
ulate; it  contains  innumerable  bacteria,  both  micrococci  and 
bacilli.  Cultures  taken  from  the  interior  of  the  heart  and  from  the 
juice  of  iutemal  organs  often  yield  a  growth  of  streptococci. 
Congestion  of  the  pia  mater  is  often  found,  and  sometimes  also 
punctiform  extravasations  in  the  deeper  portions  of  the  nerve- 
centres.  As  a  rule,  however,  there  are  few  changes  seen  in  the 
nervous  system.  The  muscles  sometimes  present  a  brownish  dis- 
coloration. 

hi  chronic  septicaemia  there  may  be  some  evidence  of  endo- 
carditis in  a  thickening  of  the  endocardium,  but  the  ulcerative 
form  of  inflammation  is  not  usually  seen  in  this  disease.  Slight 
effusions  iu  the  pericardium  and  in  the  pleura  are,  however,  found. 
There  may  be  some  oedema  or  passive  congestion  of  the  lung,  and 
some  increase  in  the  secretions  of  the  bronchi.  The  principal 
change  is  found  in  the  alimentary  canal:  here  the  evidences  of  a 
gistro-intestinal  catarrh  are  marked.  There  is  a  cloudy  swelling 
of  the  submucous  tissue  of  the  stomach,  particularly  in  puerperal 
cases.  The  principal  points  of  inflammation  of  the  intestines, 
according  to  Gaspard,  are  in  the  duodenum  and  the  rectum.  The 
membrane  is  swollen,  of  a  mottled  color,  and  is  dotted  over  with 
punctiform  hemorrhages.  According  to  those  who  have  experi- 
mented upon  animals,  this  is  one  of  the  most  constant  symptoms 
of  blood-poisoning.  The  spleen  and  lymphatic  glands,  particularly 
those  of  the  mesentery,  are  enlarged.  The  enlargmeut  of  the  spleen 
is  generally  well  marked,  its  parenchyma  being  much  darker  than 
usual  and  greatly  softened.  The  liver  shows  signs  of  putrefaction 
earlier  than  any  other  of  the  viscera,  and  at  times  the  appearance 
known  as  emphysema  of  (he  liver  indicates  an  advanced  stage  of 
position,  with  the  evolution  of  gas.  This  was  very  marked 
in  I  case  the  writer  once  saw,  in  which  septicaemia  followed  the 
production  of  an  abortion  produced  by  inserting  a  dirty  catheter 
the  uterus.  A  slight  cloudy  swelling  of  the  liver  is  usually 
all  that  is  seen.  The  kidneys  are  somewhat  cedematous,  and  the 
unniferi  are  more  or  less  affected  by  a  catarrhal  inflamma- 
tion Most  observers  agree  that  bacteria  are  abundantly  found  in 
^'e  glomeruli — an  evidence  of  the  effort  upon  the  part  of  nature  to 


FlG.  70. — Capillary  Embolus  of  Streptococci  in  a  Sarcoma.     A  round-cell  infiltration  is 
in  the  sarcomatous  tissue  about  the  embolus.      (Case  of  fatal  scpticsemi*.) 

The  condition  of  the  wound,  as  might  be  expected,   is  of  the 
foulest  description.     Evideuces  of  congestion  or  oedema  of  the 
rounding  tissues  are  apparent,  and  all  these  tissues  are  crowded 
with  micrococci,  and  they  are  found  also  in  the  adjacent  lymph, 
glands,  which  are  considerably  enlarged. 

The  writer  has  attempted  to  sketch  the  disease  as  it  is  usual Jv 
seen  after  injuries  or  operations.  There  are,  however,  seven/ 
variations  in  type  which  cannot  be  passed  by  without  mention. 
Prominent  among  these  variations  is  that  form  of  septicaemia  which 
usually  follows  a  dissecting  wound.  Gussenbauer  looks  upon 
as  a  form  of  ptomaine-poisoning,  but  Horsley  does  not  accept 
this  view.  The  rapidity  with  which  symptoms  make  their  appear- 
ance is  due  not  to  the  absorption  of  a  chemical  poison,  but  rathe 
to  the  unprotected  nature  of  the  tissue  into  which  a  fluid  in  a 
of  active  decomposition  is  inoculated.     Then  the  virus  selects  4 


f  - 

•  •  •%;•* 

Pic,  71- — Infiltration  of  Vessel-wall  in  Sarcoma,     (Case  of  fatal  septicemia.) 

the  school  during  the  writer's  experience  as  a  teacher.     The  fol- 
ding account  gives  the  salient  points  of  one  of  these  cases: 

A  young  man,  tall  and  slender,  about  twenty-one  years  of  age,  had 
traded  himself  slightly  in  the  dissecting-room.  lie  applied  the  next  day 
a  one  of  the  surgeons  at  the  hospital,  complaining  of  pain  in  the  shoulder. 
dition  was  such  that  he  was  admitted  to  the  hospital,  and  a  eonsulta- 
held  the  following  day  upon  his  case.  At  that  time  the  whole  ;irin 
j  swollen  ;  red  lines  were  seen  running  from  an  insignificant  wound  in  the 
the  axilla.  There  was  no  sign  of  suppuration  in  the  ax illary  glands, 
the  whole  pectoral  and  scapular  regiou  was  enormously  swollen  and 
fadanatous.  There  was  an  anxious  expression  of  countenance,  high  fever, 
Ad  great  prostration.  Ether  was  given,  and  free  incisions  were  made  over 
whole  pectoral  region,  permitting  the  escape  of  a  thin,  slightly  turbid 
No  pus  was  found  anywhere.  The  patient  was  not  benefited  by  the 
.1  died  the  following  day-  At  the  autopsy  no  pathological 
of  interest  were  recorded. 

Happily,  cases  of  such  malignant  poisoning  as  this  are  not  often 

let  with.     They  bear  a  close  resemblance  to  malignant  oedema. 

flly  the  poison  gives  evidence  of  its  presence  by  an  inflam- 

lation  of  the  finger  extending  up  the  hand  and   invading  the 

lphatics,  as  shown  by  red  markings  upon  the  anterior  aspect  of 
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the  forearm  and  arm.  An  infective,  followed  by  a  suppurati 
inflammation  of  the  glands  of  the  axilla  occurs,  and  with  the  opi 
ing  of  the  abscess  further  progress  of  the  inflammation  is  a 
The  fever  which  accompanies  this  attack  is  rapid  in  its  onset,  jj 
may  be  attended  with  sensations  of  chilliness,  although  a  chill  da 
not  usually  occur.  There  is  great  mental  depress^  in,  and 
there  is  the  appearance  of  anaemia  with  great  loss  of  strength.  Th 
constitutional  disturbance  yields  rapidly  upon  arrest  of  the  iuflanj 
mation,  and  in  the  milder  types  cannot  be  called  a  genuine  "blood 
poisoning;"  that  is,  it  hardly  belongs  to  the  forms  of  the  septi 
cieinic  or  sapraemic  type,  but  rather  to  the  variety  known  as 
gical  or  suppurative  fever. 

Serious  forms  of  septicaemia  accompany  such  diseases  as 
pita]  gangrene  and  traumatic  gangrene.  In  the  latter  case  tl 
acute  type  is  found  in  its  most  characteristic  form,  but  a  descri] 
tion  of  this  complication  is  reserved  for  the  chapter  treating  < 
Gangrene. 

There  has  already  been  alluded  to  the  so-called  "spontaneous  se 
ticsemia,"  and  it  has  been  shown  that  such  a  disease  does  notexii 
but  that  in  all  cases  a  focus  of  inflammation  is  to  be  found  sora 
where  to  account  for  the  blood-poisoning.  Many  cases  of  supp 
ration  of  the  appendix  have  doubtless  passed  in  former  times  I 
spontaneous  septicaemia.  The  absorption  of  the  products  of  1 
inflammation  around  the  appendix  tainted  with  gangrenous  ai 
fecal  extravasations  must  produce  grave  constitutional  disturbanc 
particularly  when  the  peritoneal  cavity  is  invaded  and  this  powe 
ful  absorbing  surface  is  exposed  to  the  poison.  The  condition 
for  acute  septicaemia  are  here  exceptionally  favorable.  Undoofc 
edly,  a  certain  number  of  cases  of  perinephritic  abscess  could  fa 
rescued  from  this  category.  An  individual  in  robust  health  i 
attacked  with  fever;  there  are  no  localizing  symptoms;  typboi 
fever  or  pneumonia  is  suspected,  but  no  characteristic  si 
either  of  these  diseases  show  themselves,  and  the  patient  succumb 
in  a  few  days,  the  strength  of  the  poison  having  benumbed  th 
senses  to  that  extent  that  symptoms  of  local  inflammation  in  tfe 
loin  have  not  been  complained  of. 

Even  at  the  present  time,  when  a  more  generally  diffused  kno« 
ledge  and  frequent  autopsies  have  helped  to  clear  up  many  obsctn 
forms  of  disease,  cases  will  occur  that  are  still  not  easy  to  e- 
The  writer  remembers  one  of  this  kind: 

A  hard-workmg  and   temperate  Irishman  was   attacked  with  sub« 
rheumatism   in   the  ankle.     The  administration  of  salicylic   acui  il-ni 
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fgvt  to  check  the  disease,  and.  as  symptoms  of  polyarticular  rheumatism 
with  increased  fever  began  to  develop,  he  was  removed  to  the  hospital.  A 
kjnporary  improvement  followed,  but  just  as  the  rheumatic  joints  were 
improving  an  intense  inflammation  in  the  neighborhood  of  the  right  hip 
d.  reaching  from  the  right  iliac  fossa  halfway  down  the  thigh. 
Acute  lepticsemut  developed,  and  the  patient  was  dead  before  forty-eight 
hours  bad  elapsed.     Unfortunately,  an  autopsy  was  not  permitted. 

Acute  osteomyelitis,  which  the  above  history  suggests,  has 
already  been  spoken  of  as  a  cause  of  septicaemia. 

In  making  a  diagnosis  of  septicemia  there  must  first  of  all  be 
taken  into  consideration  the  condition  of  the  wound.  If  there 
isl'oiind  only  an  accumulation  of  blood-clot,  the  surgeon  may  have 
reason  to  hope  that  he  has  simply  to  deal  with  sapraemia.  The 
high  continued  fever,  the  indifference  of  the  patient  to  his  sur- 
ngs,  the  absence  of  chills,  and  the  symptoms  of  a  general 
disturbance  in  the  alimentary  canal  are  the  most  important  of  the 
uional  symptoms.  The  detection  of  an  area  of  dttlness  in 
the  region  of  the  spleen,  and  of  the  presence  of  albumin  and  bac- 
teria in  the  urine,  would  aid  in  the  diagnosis.  But  it  must  be 
confessed  that  there  are  no  constant  or  very  characteristic  local 
symptoms,  and  that  our  opinion  must  be  arrived  at  rather  by  a 
process  of  exclusion. 

The  treatment  of  septicaemia  may  be  either  local  or  general. 
The  local  treatment  is  largely  prophylactic,  and  consists,  it  need 
hardly  be  said,  in  a  strict  observance  of  the  principles  of  aseptic 
forgery. 

When  once  the  diagnosis  of  septicaemia  has  been  made,  it  will 
be  the  surgeon's  duty  carefully  to  examine  the  wound  and   to 
undertake  as  thorough  disinfection  as  the  strength  of  the  patient 
will  permit.      Occlusive  dressings  must  be  abandoned;  the  wound 
nrnst  be  opened  sufficiently  to  expose  all  infected  parts  and  to 
ensure  free  drainage  of  all  putrefying  discharges.      A  thorough 
washing  of  the  wound    may  have   considerable   effect  upon    the 
fever  if  the  poisoning  be  largely  from  ptomaines  absorbed   from 
the  secretions,  and  some  of  the  older  methods  invented  by  sur- 
geons who  had  a  large  experience  in  septic  diseases  should  not  be 
forgotten.    Among  these  u  the  drip  "  has  often  done  useful  service — 
i  device  by  means  of  which  a  constant  current  of  fluid  is  carried 
r  through  the  wound.    Over  the  part  is  suspended  a  cup  from 
icli  depend  a  few  strands  of  wick-yarn,  and  this  will  often  prove 
cient  for  the  purpose  when  a  more  elaborate  arrangement  of 
•  it  possible.      The  antiseptic  fluids  applied  in  this  way 
be  exceedingly  weak,   for  a  large  quantity  of  a  poisonous 
a 
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substance  would  be  absorbed,  even  though  the  solution  were  no^, 
strong;  in  fact,  it  would  be  desirable  to  use  milder  remedies,  lil^ 
boracic  acid,   and  to  rely  chiefly   upon  the   flow  of  pure  watery 
If  the  wound  is  so  situated  that  it  can  be  submerged  in  wat^. 
weak   antiseptic  solutions   will   often    prove   most  servioeabh 
finally   overcoming   the   septic   infection.     Carbolic   solutions,  /ff 
the  strength  of  i  :  iooo  of  water,  or  of  sublimate,  i  :  50,000,  wilj 
be  sufficiently  strong,  or  these  solutions  may  be  applied  by  means 
of  hot  fomentations  or  ''antiseptic  poultices.'* 

Strong  solutions  of  carbolic  acid  (1  :  20)  or  peroxide  of  hyi 
gen  may  be  used  in  moderate  quantities  to  disinfect  the  woi 
before  the  dressings  are  applied.  It  is  probable  that  a  \ 
siderable  amount  of  bacterial  growth  can  be  removed  by  I 
oughly  scraping  or  curetting  the  surface  of  the  wound,  fef 
most  superficial  growths  are  not  only  removed,  but  the  d 
tissues  also  are  more  thoroughly  exposed  to  the  action  of  the 
infectants. 

Iodoform,  which  as  a  dressing  is  at  its  best  on  such  occasions 
this,  may  be  applied  freely  to  a  sloughing  wound,  for  the  danger 
poisoning  is  less  than  when  directly  in  contact  with  healthy 
latious.     It  can  be  applied  on  cotton  or  on  gauze.     Whether 
agent  be  sublimate,  carbolic  acid,  or  iodoform,  a  careful  watch, 
avoid  poisoning  by  these  agents,  should  be  kept  upon  disturba: 
of  the  bowels  and  on  the  condition  of  the  urine.    The  more  mini 
details  of  local  treatment  will  be  found  in  the  chapter  upon  Ii 
tive  Inflammations. 

In  the  general  treatment  of  the  disease  the  surgeon  has  to 
with  a  fever  accompanied  with  marked  prostration  of  the  stre 
and  a  deterioration  of  the  blood.     With  the  introduction  of 
antipyretic  treatment  of  fever  this  method  was  also  employed 
surgical  fevers,  but  with  most  unsatisfactory  results;  at  least, 
has  been  the  writer's  experience.      The  relief  from  fever  is  exi 
ingly  brief;  at  times  no  result  whatever  has  been  produced, 
antipyretics  do  not  appear  to  add  in  any  way  to  the  comfort 
the  patient,  as  is  the  case  in  typhoid  fever.     The  disturbance 
the  fever-curve  may  also  mislead  the  surgeon  as  to  the  pati 
condition.      These  remedies  are,   however,   not  contraindicafc 
the  milder  forms  of  septicaemia,  and  they  may  often  be  productive 
of  great  relief  to  sleepless  subjects.     In  the  acute  form  valuable 
time  may  be  wasted  in  watching  their  effect  upon  the  disease- 
Great  reliance  must  be  placed  upon  nourishment  and  alcoholic 
stimulants.     Nourishment  must,  of  course,  be  of  a  nature  suited 
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to  the  condition  of  the  digestive  system,  and  must  be  adminis- 
tered in  small  quantities  and  frequently.     It   is  astonishing  how 
much  alcohol  a  patient  in  this  condition  is  capable  of  absorbing 
nnthout  bad  effects.     The  flushing  of  the  face  is  a  signal  for  its 
iiscontinuance  or  for  its  administration  in   smaller  doses.      The 
rendition  of   the  pulse   will   also   be  a   good   guide.       Whether 
Jcohol  acts  simply   as   a   food   or   possesses  antiseptic  qualities 
tf  been  proved.     According  to  Sternberg,  the   micrococcus 
[uires  the  presence  of  20  per  cent  of  alcohol  for  its  destruction. 
ie  amount  necessary   to  produce  this  action  in  the  blood  of  a 
bent  weighing  one  hundred  and  sixty  pounds  would  be  more 
a  quart — tla  much  larger  quantity  than  the  most  enthusiastic 
Ivucate  of  its  use  would  deem  safe  to  administer."     Alcohol  to 
mount  has  not  infrequently  been  given  in  the  course  of 
twenty-four  hours  without  ill  effect,  even  in  patients  wholly  unused 
action.     This,  of  course,  does  not  imply  the  presence  of  so 
Urge  a  quantity  at  any  one  time  in  the  system;  but  it  may  be  that 
w  the  living  tissues  the  organism  would  find  a  less  favorable  soil 
for  exerting  its  resisting  powers  against  drug-action  than  when 
token  fresh  from  active  artificial  cultures. 

Heart  failure  must  be  guarded  against,  and  heart- tonics  may 
often  be  given  with  advantage  when  the  pulse  is  weak  and  rapid, 
tincture  of  digital  is,  which  may  be  tried  in  increasing  doses 
b  purpose,  is  a  drug  that  should  perhaps  be  employed  more 
\\\  surgeons  than  it  has  been. 

ie  diarrhoea  can   be   treated   best  with   opium   if  it  proves 

troublesome,  and  bismuth  or  tannin  may  be  employed  if  necessary. 

Jn  dealing  with  septicaemia  it  must  be  remembered  that  it  is  an 

Stentially  different  disease  from  the  surgical  fevers.     The  latter 

«n?  doe  to  the  absorption  of  virus  constantly  generated   in  the 

*G[ind,  and  it  is  to  this  point,  therefore,  that  attention  should  be 

irected.     Hut  in  septicaemia  there  is,  except  in  the  case  of  saprae- 

/a,  a  constitutional   disturbance  which  has  become  quite  inde- 

udent  of  its  local  origin — a  disease  in   which  the   whole  sys- 

n.  both  blood  and  tissues,  is  involved,  and  which  calls  for  the 

Joyment  of  all  the  resources  at  the  surgeon's  command. 
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This  disease  always  accompanies  suppuration,  and,  as 
seen,  is  nothing  more  or  less  than  a  complication  of  that  dis 
The  name  flyer  win ,  which  is  attributed  to  Piorry,  was  not  gi 
it  until  the  present  century  (1828).  It  is  derived  from  the 
(rr'jov,  pus,  al/ia,  blood).  Velpeau  described  the  disease  und 
name  infection  purnlente,  which  term  is  still  employed  t 
French.  Although  the  nomenclature  is  of  recent  origin,  tl 
ease  itself  was  well  known  to  the  ancients,  and  it  presents 
marked  clinical  symptoms  and  pathological  changes  tlu 
descriptions  of  the  old  writers  leave  no  doubt  in  the  mind 
the  correctness  of  their  observations. 

Hippocrates  described  that  most  characteristic  of  symptom 
chill,  and  also  the  existence  of  icterus.  Paracelsus  describe 
inflammation  of  the  joints.  Ambrose  Pare*  recognized  the  fac 
compound  fractures  of  the  skull  were  sometimes  follow* 
abscesses  of  the  liver.  Morgagni  and  Petit  in  the  eighteentl 
tury  attempted  to  show  that  metastatic  abscesses  were  caused 
actual  penetration  of  pus  into  the  blood.  The  next  obsen 
worthy  of  note  was  that  of  Hunter,  who  recognized  the  cxii 
of  phlebitis  as  one  of  the  links  in  the  chain  of  pathol« 
events.  Hunter  supposed  that  there  took  place  an  adhesive  j> 
tis  which  prevented  the  entrance  of  pus  into  the  blood,  akl 
the  rupture  of  an  abscess  might  occasionally  cause  this  to  < 
Suppuration  of  the  inner  wall  of  the  vein  he  thought  was  the 
result  of  phlebitis,  by  which  this  protective  influence  would  b 
vented,  and  pus  would  be  carried  away  in  the  blood-currei 
inflammation  might  extend  along  the  walls  of  the  ves 
heart,  and  thus  cause  death.  He  did  not,  however,  express 
self  clearly  as  to  the  relation  of  the  metastatic  abscesses 
inflammation  of  the  veins, 

Cruveilhier  was  among  the  first  to  point  out  that  the  resi 
phlebitis  was  the  coagulation  of  blood  in  the  veins.  The  disci 
at  this  time  turned  upon  the  question  of  formation  of  pus  1 
inflamed  lining  membrane  of  the  vein  or  by  a  sort  of  endos 
absorption  of  pus  through  the  healthy  walls  of  the  vessels. 

Up  to  this  time  it  was  pretty  generally  believed  that  th< 
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ia  of  pyaemia  were  produced  by  the  presence  of  pus  in  the 
by  whatever  route  it  may  have  obtained  an  entrance;  but 
v  as  1822,  Gaspard  made  experimental  observations  on  ani- 
,hich  led  him  to  believe  that  the  metastatic  abscesses  were 
the  presence  of  putrid  materials  in  the  pus.  Observations 
condition  of  the  blood  in  pyaemia  were  numerous  at  this 
ind  the  view  was  even  advanced  that  inflammation  of  the 
itself,  a  haemitis,  occurred.  Rokitansky  described  a  class 
is  in  which,  apparently,  a  large  number  of  pus-corpuscles 
.een  in  the  blood,  but  Virchow  and  Bennett  recognized  in 
cases  the  affection  which  is  now  known  as  leukaemia.  A 
impetus  was  given  to  the  advancement  of  the  knowledge  of 
sease  by  the  investigations  of  Virchow  upon  thrombosis  and 
ism.  That  which  had  been  supposed  to  be  pus  found  in  the 
iear  an  infected  wound  he  showed  was  a  collection  of  white 
cles;  that  the  masses  which  were  mixed  up  with  them  were 
mains  of  a  softened  thrombus;  and  that  embolism  resulted 
ctachment  of  the  fragments  of  such  a  thrombus  and  their 
in  some  distant  capillary  district.  If  a  terminal  arteriole 
us  occluded,  infarction  took  place,  and  a  metastatic  abscess 
be  the  result  of  the  irritating  nature  of  the  materials  of 
the  embolus  was  composed.  This  explanation  fully  disposed 
old  idea  that  pus  penetrated  the  lumen  of  the  vein  by  the 
e  of  an  abscess.  At  that  time  a  great  distinction  was  made 
■u  4t  laudable  "  pus  and  u  infected  "  ot  foul  pus,  and  Virchow 
it  to  emphasize  his  new  views  on  the  spreading  of  suppura- 
lrough  the  body  by  substituting  the  term  "  ichorrhaemia " 
gore,  corrupted  matter)  for  ll  pyaemia."  What  this  poison- 
bstance  was  which  produced  such  formidable  complications 
t  yet  been  discovered,  but  light  was  soon  thrown  upon  this 
vy  the  work  of  Pasteur  on  fermentation.  From  this  time  on 
estion  of  the  bacterial  origin  of  the  disease  gave  rise  to  a  vast 
t  of  experimental  investigation,  which,  however,  did  not 
d  in  clearing  up  this  point  until  the  methods  of  bacteriologi- 
dy  had  become  sufficiently  perfected  to  give  reliable  results. 
iety  of  experiments  were  made  to  determine  whether  the 
ous  agent  existed  in  the  fluid  or  solid  constituents  of  pus. 
n  Sanderson,  as  early  as  1865,  injected  the  purulent  fluid 
an  ankle-joint  of  a  patient,  ill  with  pyaemia,  into  the  subcu- 
is  tissue  of  animals,  producing  metastatic  abscesses.  In 
tnents  made  in  1872  he  found  in  the  pus  artificially-produced 
id  micrococci,  to  which  he  gave  the  name  microzyme. 
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Finally,  a  systematic  study  was  made  upon  the  microscop 
appearance  of  organisms  found  in  the  pus  of  pysemic  patienl 
Doleris  was  one  of  the  first  to  recognize  in  the  lochia  of  infect 
puerperal  patients  what  would  probably  now  be  called  the  "strT 
tococcus,"  and  the  same  organism  was  observed  by  Pasteur  in  f^t 
cases  of  puerperal  pyaemia — the  tuuyobc  en  chapiitt.  He  fonaj, 
lated  the  theory  that  the  disease  was  due  to  this  organism  passim 
through  the  blood  and  lymph-channels  to  different  parts  of  the 
body,  thus  producing  metastatic  inflammations.  These  organism* 
were  reproduced  by  cultures  taken  from  the  blood  and  pus  during 
life  and  after  death. 

Koch  injected  fluid  from  putrefying  flesh  into  the  subcutaneous 
tissue  of  a  rabbit  and  produced  metastatic  deposits;  from  the  heart 
of  this  animal  blood  was  taken  and  injected  into  another  rabbit, 
and  the  disease  was  thus  reproduced.  The  organisms  observed  were 
chain-like  micrococci  measuring  about  0.25/*  in  diameter.  These 
organisms  were  observed  adherent  in  small  clumps  to  the  walls  oi 
capillaries  of  the  kidney  and  other  organs;  each  little  mass  of  bac* 
teria  enclosed  several  blood-corpuscles,  and  appeared  to  possess  the 
peculiarity  of  causing  the  blood-corpuscles  to  adhere  and  form 
thrombi.  If  this  is  a  characteristic  of  the  streptococcus,  wli\b 
was  probably  the  organism  he  saw,  then  an  explanation  is  pre- 
sented of  the  origin  of  the  most  characteristic  feature  of  pyaemia. 
Near  the  wound  numbers  of  micrococci  were  found  in  the  tissues 
and  around  the  subcutaneous  veins,  and  even  in  the  walls  of  the 
veins,  through  which  their  passage  could  be  demonstrated  in  many 
places.  Owing  to  their  peculiar  adhesive  properties,  Koch  found 
they  did  not  remain  long  in  the  circulating  blood,  because  the)* 
were  soon  deposited  in  the  capillaries  of  the  organs.  N"<> 
cocci  were  found  in  the  lymphatics. 

Ogston1  s  work  contains  a  number  of  interesting  facts  b- 
upon  pyaemia.     His  idea  of  a  single  poison  for  all  forms  of  si: 
fever  is  a  simple  and  attractive  one.     He  says:  "  Between  a  simple 
localized  acute  inflammation  on  the  one  hand  and  the  severest  case 
of  pyaemia  on  the  other  there  exists  only  a  difference  in  degree,  a 
difference  in  intensity."     He  shows  that  the  swelling  of  joi 
characteristic  a  symptom  of  pyaemia,  is  produced  by  the  eJ 
of  serum,  which,  when  examined,  does  not  show  the  presence  of 
micrococci,  but  these  cocci  are  found  in  the  coverings  of  the  join! 
or  in  the  synovial  fringes  around  the  cartilages,  and,  according  tc 
Ogston,  the  effusion  takes  place  from  a  spot  where  a  colony 

Rosenbach  thought  that  Ogston  went  too  far  in  assuming 
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pyemia  is  purely  a  secondary  affection.  He  examined  6  cases  of 
da  in  man  by  making  blood-  and  pus-cultures  during  life  and 
inoculating  animals  with  the  organisms  thus  obtained.  In  5  of 
these  cases  he  found  the  streptococcus  both  in  the  blood  and  in  the 
metastatic  abscesses  of  the  lungs.  In  2  of  these  cases  the  staphylo- 
coccus was  associated  with  the  streptococcus.  In  1  case  he  found 
the  staphylococcus  only,  and  this  case  recovered.  As  the  result  of 
bis  investigations  he  divides  pyaemia  into  two  varieties.  The  first 
is  that  which  has  already  been  described  as  suppurative  fever;  that 
is,  a  fever  accompanying  severe  and  extensive  suppurations  and  fre- 
quently terminating  fatally  in  the  acute  stage.  Such  cases  are  said 
to  have  died  of  exhaustion.  In  these  cases  he  thinks  the  blood- 
poisouing  is  due  to  the  presence  of  the  staphylococcus,  much  as  Og- 
ston  describes,  and  that  this  kind  of  fever  should  be  called  "  true 
ia."  It  may  be  said  here  that  Heuter  described  this  form  of 
as  "pyaemia  simplex"  in  contradistinction  to  the  embolic 
form,  which  he  called  **  pyaemia  multiplex."  The  latter  was  Ro- 
senbach's  second  form  of  pyaemia,  or  the  l*  thrombo-embolic  "  form 
with  metastasis,  which,  as  he  shows,  may  be  quite  independent  of 
the  condition  of  the  wound  and  in  active  development,  even  after 
the  wound  has  healed,  and  which  is  usually  caused  by  the  strept 
coccus. 

A  good  many  observations  have  been  made  upon  the  bacteria 
pf  pyemia.     Besser,  for  instance,  examined  the  blood,  pus,  and 
parenchymatous  fluids  in  23  cases  of  pyaemia.     In  8  the  staphylo- 
coccus was  found;  in  14,  the  streptococcus;  and  in  1  both  kinds  of 
cocci  were  seen.     During  life  the  cocci  were  found  in  the  blood  in 
ii  out  of  12  cases.     Out  of  46  cases,  in  all,  collected  by  him,  the 
staphylococcus  was  found  in  22,  the  streptococcus  in  21,  and  both 
were  found  in  3  cases.     He  concluded  that  there  was  no  difference 
between  the  cocci  of  pus  and  the  cocci  of  pyaemia.     Pawlowsky 
examined  5  cases  of  pyaemia  in  man,  and  found  the  staphylococcus 
in  4,    In  the  fifth  case,  which  had  an  unusual  number  of  joint- 
complications,    he    found    the    streptococcus.      He    believed    the 
locoqcus  is  the  usual  cause  of  pyaemia,  and  particularly  in 
cases  of  abscess  of  the  internal  organs. 
Pawlowsky,  perceiving  that  pure  cultures  of  the  pyogenic  cocci 
hen  introduced  into  the  organism  disappeared  rapidly,  made  si  111- 
iltoneous  injection  of  sterilized  cinnabar  particles  and  staphylococcus 
cultures  into  the  circulation,  and  produced  a  typical  pyaemia  with 
metastatic  abscess.     Injections  of  the  coccus  without  the  cinnabar 
were  not  sufficient  to  produce  the  disease.     The  particles  of  cin- 
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nabar  were  supposed  to  have   favored  the   formation   of  iniuutc 
thrombi,  impairing  the  local  nutrition  of  the  tissues  and  fa 
impaction.     Bonome  also  succeeded  in  getting  metastatic  abscesses 
by  intravenous  injection  of  fragments  of  sterilized  pith  with  put 
cultures  of  staphylococci. 

An  important  addition  to  the  experimental  investigation  of 
pyaemia  is  that  intended  to  throw  light  upon  the  origin  of  the 
nodular  and  ulcerative  endocarditis  found  in  tl;  11  as  other 

diseases*      An  acute  endocarditis  was  produced  by  YYvssol. 
by  introducing  an  instrument  through  the  jugular  vein  and 
ing  the  valves,  and  subsequently  by  injecting  bacteria  of  different 
kinds  directly  into  the  circulation.     If  the  bacteria  were  injected 
into  the  connective  tissue,  or  an  interval  of  two  days  was  allowed 
to  pass  after  the  lesion  of  the  valves  had  been  produced,  or 
weak  dose  of  bacteria  was  employed,  the  endocarditis  did  not  take 
place.     Ribbert  succeeded  in   infecting  the  endocardium  * 
previous  injury  by  introducing  fragments  of  potato  with  the  cul- 
ture.    These  small  particles  enabled  the  bacteria  to  becon: 
chanically,  more  easily  arrested,  and  the  injury  inflicted  upon  the 
endothelia  at  the  same  time  offered  a  soil  more  favorable  to  bacte- 
rial growth,  owing  to  its  impaired  condition. 

The  process  by  which  the  endocardial  lesion  appears  to  be  formed 
in  the  human  subject  is  as  follows :  The  micrococci  become  attached 
either  to  some  old  lesion  of  the  valve  or  to  some  point  on  the 
favorably  situated  to  receive  them,  owing  to  the  pressure  of  the 
blood-column  against  it  when  the  valves  are  closed.    A  coagulation* 
necrosis  of  the  inner  wall  of  the  vessel  takes  place  at  the  point  of 
attachment.      A  rough  surface  is  thus  presented  to  the  blood*cui- 
rent,  and  numbers  of  white  corpuscles  or  blood-plaques  become 
attached  to  the  little  clump  of  micrococci  and  necrosed  time,  and 
a  thrombus  is  thus  formed.     If  the  destruction  of  tissue  is  not 
great,  the  granulation  tissue  may  cover  in   the  micro-organism* 
and  a  nodular  mass  will  be  found  in  the  valve;  but  if  tin 
been  extensive  necrosis,  when  the  protecting  thrombus  is  swept 
away  an  ulceration   will   be   observed   in  the  wall   of  the 
Haumgarten  suggests   that  the  tuberous   form  of  endocar< 
produced  by  the  staphylococcus,  and  the  ulcerative  form  I 
streptococcus. 

Having  thus  glanced  over  the  most  important  experimental 
investigations  in  pysemia,  the  reader  is  now  prepared  to  form  an 
opinion  as  to  the  nature  of  the  micro-organisms  and  the  rout« 
which  they  take  in  infecting  the  system. 


Both  the  staphylococcus  and  the  streptococcus  have  been 
i,  and,  although  at  one  time  it  was  supposed  that  the 
»rraer  was  the  principal  agent  in  producing  the  disease>  the  data 
forded  by  observers  up  to  the  present  time  do  not  permit  one  to 
■cide  in  favor  of  either:  so  far  as  can  be  judged,  therefore,  it  is 
ubable  that  accidental  anatomical  and  pathological  conditiniis 
termine  the  question  of  a  successful  resistance  on  the  part  of 
;  tissues,  rather  than  the  presence  or  the  absence  of  either  of 
r  above  varieties  of  micrococci.  Enough  is  known  of  the  vary- 
t  degree  of  virulence  of  pathogenic  bacteria  to  enable  one  to 
ilize  that  they  may  act  very  differently  under  varying  conditions, 
115  can  easily  be  proved  by  clinical  observation  as  well  as  by 
oratory  experiments. 

The  route  rfnough  which  an  infection  nf  the  system  takes  place 
nn  a  wouud  is  almost  invariably  the  blood-vessels,  although  ocea- 
roally  the  infection  may  follow  the  lymphatic  system.  When  the 
icroeocci  are  not  restrained  in  their  growth  in  an  infected  wound, 
•n  reach  the  blood-vessels,  and  when  they  come  in  contact 
til  the  walls  of  a  vein  an  inflammation  is  set  up  and  ihrombo- 
is  results.  As  they  reach  the  intima  a  disturbance  of  nutri- 
jn  in  the  endothelium  takes  place,  and  rough  places  are  thus 
nned  on  the  inner  surface  of  the  vein.     If,  now,  the  descriptions 

Osier  and  Zahn  are  recalled,  it  will  be  found  that  a  number  of 
ncocytes  become  adherent  to  such  a  spot  and  form  a  little  mass 
tached  to  the  inner  wall,  which  mass  after  a  while  becomes  more 

less  homogeneous,  so  that  the  individual  corpuscles  cannot  be 
seemed.  The  white  thrombus  of  Zahn  is  formed  in  this  way, 
id  it  becomes  the  starting-point  of  a  thrombosis  which  may  so 
ilarge  as  completely  to  fill  the  lumen  of  the  vein.  The  blood- 
aques,  as  well  as  the  leucocytes,  will  also  be  seen  collecting 
wot  this  rough  spot,  and  aid  in  the  process  of  coagulation. 
Qch  an  event  would  seem  to  serve  as  a  protection  to  shut  off  the 
imaged  vein  from  the  general  circulation.  The  street  has  been 
osed  for  repairs,  as  it  were,  and  doubtless  in  many  a  case  such 
i  the  result  of  this  effort  on  the  part  of  nature.  Unfortunately, 
iic  thrombus  affords  an  unusually  good  soil  for  the  micrococci, 
ndan  infection  and  puriform  softening  of  the  clot  eventually  take 
Inasmuch  as  thrombosis  may  occur  throughout  the  extent 
rf  a  large  vessel — as,  for  instance,  the  femoral  vein  (Fig.  72) — a 
a^e  mass  of  soft  material,  looking  like  blood-clot  and  pus  mixed 
ogether,  is  contained  inside  the  vessel,  extending  far  beyond  the 
>f  the  wound  and  in  more  or  less  direct  communication  with 


the  circulation.  The  mode  of  progress  of  the  micrococci  from 
pound  to  the  adjacent  vessels  seems  merely  to  be  a  process  of  | 
lination  and  growth.     It  was  at  one  time  thought  that  they  * 

transported  into  the  thrombi  already  formed  by  the  white  corj 
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cles,  in  the  interior  of  which  cells  numbers  of  cocci  are  often  fouu 
but  this  theory  has  not  been  sustained.  Thrombo-arteritis  mayal 
occur;  that  is,  the  micrococci  may  penetrate  the  arteries  as  well 
the  veins,  but  the  denser  walls  and  the  more  vigorous  current  1 
not  favor  development  of  thrombi;  and  when  thrombi  are  fom 
they  do  not,  of  course,  spread  to  distant  points,  but  fragiuei: 
detached  will  remain  in  an  adjacent  capillary  district.  Fragmei; 
from  the  infected  venous  thrombi  when  detached  are  arrested  in; 
capillary  system  of  the  lungs,  where  they  form  new  foci  of  iufe 
tion,  and  favor  the  formation  of  a  metastatic  abscess  (Fig.  271.  Ye 
small  emboli  may,  however,  pass  through  the  lung  capillaries, 
the  vessels  are  much  larger  than  those  of  other  capillar}'  systen 
and  in  this  way  the  whole  arterial  system  will  be  exposed  to  a  sii 
ilar  infection.  Cocci  may  also  be  found  free  in  the  circulation  inc 
pendent  of  emboli.  Their  direct  penetration  into  the  circulatii 
blood  is  impeded  by  the  thrombosis  which  occurs  at  the  point 
entrance  in  the  vessel-wall.  Small  masses  of  micrococci  may,  no 
ever,  be  detached  before  coagulation  has  taken  place,  and  be  sw 
oil  into  the  current.  Single  organisms  are  not  likely  to  can 
puration,  as  the  resistance  of  the  tissues  neutralizes  their  pathoget 
action,  and  they  quickly  disappear  from  the  circulation. 

The  micrococci,  when  circulating  through  the  blood,  are  lodg 
in  and  become  attached  to  the  endothelium  of  capillaries  where t 
circulation  is  slow*,  or  in  the  lumen  of  vessels  with  an  anatomi( 
arrangement  favorable  for  a  lodgment,  as  in  the  glomeruli  of  I 
kidney.  Having  reached  a  stationary  point,  they  begin  to  grc 
either  in  the  lumen  or  in  the  wall,  and  spread  through  a  considi 
able  capillary  district.  A  necrosis  takes  place  around  the  mass 
micrococci,   and  suppuration  occurs  at  its  border.     As  the  ca 
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from  the  centre  and  the  pus-cells  from  the  periphery  break  into 
the  necrosed  tissue,  it  melts  down  aud  a  miliary  abscess  is  thus 
formed.  If  the  bacterial  growth  is  of  slight  intensity  and  is  not 
extensive^  necrosis  will  probably  not  occur,  but  suppuration  may 
lake  place  without  it.  Free  micrococci  may  also  become  attached 
to  the  valves  of  the  heart  and  to  the  veins  by  the  blood- pressure 
forcing  them  into  the  soft  endothelium  while  the  valve  is  closed, 
causing  nodular  or  ulcerating  endocarditis.  Fragments  of  emboli 
laden  with  micrococci  are  more  likely  to  become  attached  in  this 
way,  as  has  already  been  shown  experimentally.  If  the  embolus 
is  arrested  in  the  terminal  artery  of  an  organ,  a  wedge-shaped 
infarction  will  result.  The  tissue,  thus  lowered  in  vitality,  is  soon 
invaded  by  the  micrococci:  leucocytes  also  wander  in,  a  softening 
takes  place,  and  there  arises  a  wedge-shaped  abscess  situated  near 
the  surface  of  an  organ,  If  the  lodgment  takes  place  in  a  tissue 
with  free  anastomosis,  the  cocci  invade  the  intermediate  tracts  of 
tissue  or  parenchyma,  or  they  may  spread  backward  along  the  inner 
wall  of  the  artery  to  a  collateral  branch,  and  may  thus  be  carried  to 
an  adjacent  capillary  district;  in  this  way  a  more  or  less  diffused 
abscess  will  be  formed.  From  the  above  examples  it  will  readily 
be  seen  that  the  great  variety  of  suppurations  occurring  in  pyaemia 
can  be  accounted  for  by  the  spreading  of  micrococci  from  the  origi- 
nal wound  into  different  parts  of  the  body. 

Il  will  be  perceived  that  the  old  idea  that  pyaemia  was  due  to 
the  presence  of  pus  in  the  blood  has  been  abandoned.  It  occa- 
sionally happens,  however,  that  an  abscess  may  be  situated  in  the 
neighborhood  of  a  large  vein,  and  that  perforation  of  the  vessel- 
wall  may  take  place,  the  abscess  actually  emptying  itself  into  the 
cavity  of  the  vessel.  Schuh  reports  a  case  of  a  man  suffering  from 
an  acute  abscess  behind  the  peritoneum.  He  was  suddenly  taken 
wth  symptoms  of  pyaemia,  and  died  in  two  days.  At  the 
autopsy  it  was  found  that  the  abscess  had  broken  into  the  ascend- 
cava  and  that  metastatic  abscesses  existed  in  the  lungs. 
Numerous  balls  of  pus  were  found  floating  in  the  blood,  and  about 
two  ounces  of  pus  were  collected  from  the  blood-vessels.  Gussen- 
bauer  reports  a  number  of  such  cases. 

Infection  may  also  take  place  through  the  lymphatic  system, 
although  the  chains  of  lymphatic  glands  offer  a  protection  which 
is  not  found  in  the  veins.  Gussenbauer  reports  a  case  of  gangrene 
of  the  lower  extremities  in  which  foul  pus  was  found  in  the 
icic  duct;  Schuh  records  a  case  of  lithotomy,  with  death  three 
weeks  after  the  operation,  in  which  case  the  lymphatics  over  the 
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sacrum  and  in  the  lumbar  region  were  filled  with  purulent  mate 
rial,  and  the  thoracic  duct  was  distended  to  the  size  of  a  pigeon' 
egg  with  thin  green  pus  which  was  found  extending  up  to  it 
opening  in  the  vena  cava,  Pus  may  be  found  in  the  lymphati* 
of  the  broad  ligaments  of  the  uterus  in  cases  of  puerperal  pyaemii 
In  such  a  class  of  cases  the  richness  of  the  lymphatic  connecti 
and  the  direct  communications  with  the  venous  system  rende  5 
general  infection  more  probable  than  in  the  case  of  suppuration  j 
more  superficial  regions  which  have  access  only  to  the  periphcti. 
lymphatics  on  the  surface  of  the  body. 

All  these  forms  of  infection,  which  take  their  departure  from  a 
pound,  have  been  called  "types  of  extravascular  infection,'1  to 
distinguish  them  from  a  class  of  cases  in  which  no  wound  is  pres- 
ent; nevertheless,  pyaemia  exists. 

The  cases  of  intravascular  infection,  or  the  so-called  u  sponta- 
seous  pyaemias,"  have  long  been  recognized,  but  their  etiolog1 
has  been  but  little  understood.  An  otherwise  healthy  indi  vidua 
receives  a  trifling  wound  or  catches  cold,  and  after  suffering  froi 
severe  chills  and  fever,  and  perhaps  swelling  of  the  joints,  die; 
and  metastatic  deposits  are  found  in  the  internal  organs.  A  youn 
man  or  a  boy  stays  too  long  in  the  bath,  and  the  next  day  he  has 
severe  chill;  symptoms  of  acute  osteomyelitis  of  the  femi 
develop,  and  he  eventually  dies  of  pyaemia.  An  interesting  fea 
ure  of  these  cases  is  that  they  are  frequently  associated  with  acul 
ulcerative  endocarditis.  More  will  be  said  about  their  clinics 
features  in  discussing  the  symptomatology  of  pyaemia. 

How  does  infection  take  place  in  cases  like  these?     It  has  bee 
pointed  out  that  micrococci  are  found  in  the  circulation  even  whe 
no  suppuration  takes  place.    All  that  seems  necessary  u  a  lowerin' 
of  the  general  tone  of  the  system  or  the  existence  of  some  v. 
diseased  spot,  in  order  that  these  organisms  may  break  down  the  b^ 
riers  which  the  normal  tissues  afford.     Under  such  conditions  th^ 
may  arise  a  marked  disturbance  of  function  or  circulation  of 
organ,  as  the  kidney,  perhaps  from  getting  chilled,  or  an  inflamr^ 
tion  may  occur  which  will  favor  the  localization  of  micrococci  fa 
that  neighborhood,  and  a  perinephritic  abscess  may  be  the  resvj^ 
A  starting-point  is  thus  established  from  which  an  extensive  infec- 
tion of  the  system  may  occur.     The  changes  in  the  nutrition  of  a 
rapidly-growing  long  bone,  and  its  anatomical  peculiarities,  account 
for  the  fact  that  such  tissue  is  a  favorite  seat  of  infective  infl 
tion.    The  rich  anastomosis  in  the  medullary  cavity  favors  the  accu- 
mulation of  micrococci  in  a  given   capillary  network.     A  rapid 
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jji  it  Implication  of  the  organism  occurs:  the  vessel  endothelium  is 
first  attacked,  and  then  the  intravascular  tissues,  and  there  is  soon 
a  considerable  space  undergoing  necrosis  and  forming  the  central 
point  of  an  acute  suppurative  inflammation.  There  are  cases, 
jiowever,  in  which  no  preliminary  abscess  is  formed.  The  attack 
may  be  accompanied  with  no  characteristic  symptoms  of  local  dis- 
P3.se,  yet  an  autopsy  will  show  metastatic  abscesses  in  the  inter- 
na.! organs.  In  these  cases  marked  evidences  of  ulcerative  endu- 
c^rditis  are  pretty  sure  to  be  found,  and  it  is  supposed  that  the 
yf3t  icrococci   have  obtained  a  lodgment  in  the  valves  of  the  heart. 

^cxording  to  Osier,  the  number  of  primary  cases  of  ulcerative 
-mdocarditis  is  limited,  this  lesion  of  the  heart  being  more  fre- 
l*_xently  associated  with  some   other  affection,  even  with  such  a 

ci  isease  as  pneumonia.     Pneumococci   have   been   found  in  such 


In  pre-antiseptic  days,   when  pyaemia  was  a  much  commoner 
dl-msease  in  hospitals  than  it  is  now,  it  was  thought  that  certain 
js-*r*isms  of  the  year  were  favorable  for  epidemics  of  the  disease. 
Tlie  writer  has  observed  such  an  epidemic.     Having  had  one  or 
t.  wo  deaths  from  pyaemia  in  his  hospital  wards,  attention  was  given 
to  the  search  for  a  local  cause.     To  his  surprise,  he  learned  that 
a.     neighboring  lying-in  hospital  had  been  closed  on  account  of  a 
similar  "epidemic,"  and  that  several  cases  of  puerperal  pyaemia 
laadalso  occurred  in  a  suburban  hospital.    It  was  at  the  time  of  the 
r,  the  early  spring,  when  erysipelas  and  other  traumatic  infec- 
tive diseases  have  long  been  dreaded  by  the  surgeon.     In  some  of 
tiiese  affections,  as  erysipelas,  climatic  influences  seem  to  be  an 
etiological  factor,  and  the  writer  sees  no  reason  to  doubt  the  exist- 
ence of  conditions  in  the  atmosphere  that  are  more  favorable  to 
tAie  development  of  an  unusual  activity  in  the  staphylococcus  and 
ptococcus  than  at  other  times.     So  acute  an  observer  as  Sir 
ames  Simps  "There  are  epidemic  states  in  which  puer- 

peral and  surgical  fevers  are  frightfully  common.     Some  localities 
and  towns  are  far  more  frequently  their  seat  than  others.1'     The 
enthusiasm  for  antisepsis  should  not  allow  the  surgeon  to  forget  the 
teachings  of  an  earlier  school,  founded  as  they  were  on  abundant 
experience. 

In  a  report  made  to  the  Pathological  Society  of  London  the 
statement  is  made  that  during  ten  years  (1869  to  1878),  within 
which  period  all  cases  of  pyaemia  in  the  London  hospitals  were 
recorded,  the  mortality  of  1874  and  1875  was  decidedly  in  excess 
of  that  of  other  years.    These  two  years  were  noted  for  their  marked 
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meteorological  conditions.     In  1874  there  was  a  remarkable 
ciency  of  rain  during  the  whole  year.     On  the  contrary,  1875  ^ 
characterized  by  its  excessive  rainfall.      The  most  fatal   montj 
during  this  series  of  years  were  February  and  March. 

As  to  the  influence  of  age  and  sex,  it  may  be  said  that  children 
and  old  men,  and  women  at  all  times  of  life,  are  less  frequently 
affected  than  men  in  the  prime  of  life.     This  immunity  is  perhaps 
partly  due  to  less  exposure  to  traumatism,  but  so  far  as  chili 
are  concerned  this  is  probably  not  the  reason.    Wounds  in  children 
usually  heal  rapidly,  the  reparative  process  is  more  active,  and  it 
effects  more  perfect  results  than  in  inaturer  years.     The  blood  and 
tissues  of  young  children  are,  as  a  rule,  purer  and  healthier, 
the  resisting  power  against  infection  is  consequently  greater 
the  adult  there  is  present  all  the  ailments  due  to  advancir 
which  ailments  handicap  him  in  the  struggle  for  life;  and  in  cer- 
tain conditions  of  the  system,   such  as  alcoholism  and  diabetts, 
there   exist  conditions   peculiarly  susceptible  to   trauma! 
euces.      Pyaemia    does    occasionally    occur    in    infancy:    Savorv 
reports  cases  in  children  ten  mouths  old,  and  one  even  as  young 
as  four  days  old. 

Among  the  kind  of  wounds  which  predispose  to  metastatic 
inflammation  'may  be  mentioned  contused  wounds,  wounds  of 
joints,  compound  fractures  (supposed  to  favor  pyaemia  by  fat-em- 
bolism), particularly  fractures  of  the  head,  osteomyelitis,  injui 
of  the  veins  or  of  the  vascular  regions,  and  wounds  received 
in  war  or  by  individuals  in  an  enfeebled  condition. 

The  disease  usually  makes  its  appearance  about  ten  days 
the  injury — that  is,  at  the  height  of  the  suppurative  process— but 
it  may  begin  ;it  any  time  during  the  suppurative  process. 

The  most  prominent  of  the  symptoms  of  pyemia  is  the  chill 
This  chill,  however,  may  not  accompany  the  first  onset  of  fe\ 
which  is  usually  severe.     At  other  times  the  chill  may  be  the 
symptom  which  first  arouses  the  surgeon's  suspicion,  for  the  febrile 
disturbance  may  be  slight  or  may  be  of  a  degree  which  has  exfel 
for  some  time;  as,  for  instance,  in  a  case  of  suppurative  fever.  An 
examination  of  the  wound  may  reveal  local  infection  and  sympto 
of  infective  inflammation.     The  lips  of  the  wound  are,  in  thisi 
red  and  swollen,  and  the  interior  of  the  wound  mav  have  a  dis 
ored  or  grayish,  sloughing  appearance,  but,  even  though  the  wound 
be  far  advanced  in  the  process  of  repair,  a  typical  pyaemia  ma.- 
develop  itself;  indeed,  some  cases  have  been  reported  where  tla 
disease  first  made  itself  manifest  after  the  wound   h 
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n  such  cases  the  wound  is  probably  situated  near  some 
ous  anastomosis,  as  the  hemorrhoidal  veins  or  the  sinuses, 
3  thrombi  are  readily  formed.  The  chill  may  be  either  a 
liveri  ug  or  of  the  severest  type,  followed  by  profuse  per- 
i  and  considerable  exhaustion.  Usually  after  the  chill  is 
!  patient  appears  very  much  as  before.  There  is  no  meu- 
rbance,  although  there  may  be  at  the  same  time  consider- 
?r.  Ordinarily  the  surgeon  does  not  observe  a  second  chill 
!  following  day;  although  Billroth,  who  has  made  a  special 
the  chills  of  pyaemia,  states  that  as  many  as  three  chills 
:ur  in  the  course  of  a  siugle  day.  He  also  noticed  that 
;re  less  likely  to  occur  during  the  evening  and  night  than 
morning  or  afternoon.  He  lays  special  stress  upon  the 
difference  between  septicaemia  and  pyaemia  so  far  as  this 
i  is  concerned,  as  in  the  former  disease,  except  perhaps  at 
t,  chills  are  never  seen.  The  explanation  of  the  chill  is 
und  probably  in  the  existence  of  multiple  suppurations 
>ut  the  body.  The  surgeon  is  aware  that  when  in  the 
f  an  acute  inflammation,  as  in  cellulitis,  a  chill  occurs, 
every  reason  to  expect  the  appearance  of  pus.  In  the 
m  Fevers  the  writer  endeavored  to  explain  the  cause  of  a 
1  its  relation  to  sudden  elevations  of  temperature.  With 
latiou  of  each  new  metastatic  abscess  there  is  probably  a 
n  of  fresh  pyrogenous  material,  which  may  have  a  more 
specific  action  on  the  blood  and  tissues,  or  possibly  the 
rontrolling  heat-regulation,  thus  producing  this  special 
disturbance. 

less  striking  peculiarity  of  pyaemia  are  the  variations  of 
fnrr.  Billroth,  who  made  a  careful  study  of  fever-curves  in 
fevers,  first  called  attention  to  the  curve  of  pysemia,  Heu- 
has  also  studied  this  question,  speaks  of  the  pysemic  curve 
characteristic. 

fever-curve  which  pysemia  most  nearly  approaches  is  that 
-niittent  fever,  but  it  varies  from  the  latter  in  lacking  regu- 
{  change.  It  diners  from  all  fevers  in  not  having  a  regular 
%  exacerbation  and  morning  remission,  although  this  may 
Heuter  describes  it  as  an  "irregular  intermittent  type1' 
3.1.  Its  irregularities  are  certainly  great.  The  usual  course 
Us  is  as  follows :  There  is,  at  the  beginning,  usually  a  sharp 
hich  may  reach  almost  the  highest  point  of  the  curve.  If 
iperature  is  already  high  at  the  time  of  the  appearance  of 

,  there  will  be  a  sharp  rise  to  mark  its  onset.    There  will 
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be  a  period  of  pyrexia  of  longer  or  shorter  duration,  and  th 
fall,  but  not  to  the  normal  line,  followed  by  a  succession  of  sir 
exacerbations.  During  these  periods  of  high  fever  the  tempers 
remains  at  no  fixed  point,  but  there  will  be  constant  variatio 
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fractional  portions  of  a  degree.  These  variations  may  occur  alii 
hourly,  so  that  it  is  necessary  to  take  therrnometric  observat 
very  frequently.  It  is  customary,  when  the  existence  of 
is  suspected,  to  take  a  record  every  two  hours,  which  is  pit 
to  bring  out  varying  undulations  in  the  fever-curve.  At  the  sa 
time  the  daily  record  of  temperature  carried  through  the  period 
the  disease  shows  also  the  greatest  irregularities.  In  general 
might  be  said  that  the  curve  of  pyemia  consists  of  an  irrcgn! 
series  of  sharp  rises  and  falls,  with  an  intervening  zigzag  outli 
to  the  curve.  During  all  this  time  the  normal  line  is  not  rcaclx 
yet  in  exceptional  cases  the  temperature  may  return  to  normal,  1 
may  remain  there  for  a  day  or  two.  Occasionally  there  b 
observed  a  sharp  rise  post-mortem.  The  reasons  for  these  remai 
able  changes  are  naturally  to  be  sought  for  in  the  diverse  pathoh 
ical  appearances  which  are  found  at  the  autopsy.  There  rnayc 
always  be  an  abscess  to  account  for  each  chill  or  a  chill  to  con 
spond  to  each  abscess.  Individual  susceptibilities  doubtless  pi 
an  important  r61e  in  the  development  of  this  symptom,  bal  t 
multiple  foci  of  embolism,  infective  inflammation,  and  si 
tiun,  some  visible  and  some  almost  imperceptible,  amply  accot 
for  the  greatest  irregularities  in  the  fever-curve. 

After  the  first  febrile  phenomena  have  abated  somewhat  syn 
toms  of  respiratory  disturbance  usually  show  themselves.  A  nam 
of  small   metastatic  abscesses  may  i-xist   without   indicating  tl 
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presence  by  any  symptom,  but  if  they  are  superficial  and  are,  situ- 
ated near  the  pleural  surface,  the  patient  will  generally  complain 
of  a  sense  of  oppression  and  pain  at  that  spot.     Symptoms  of 
pleurisy  will  develop,  and  auscultation  may  later  reveal  an  effu- 
sion into  the  pleural  cavity,  and  probably,  also,  the  existence  of 
pneumonia  at  the  base  of  one  or  both  lungs.     With  dyspnoea  there 
will  be  cough  with  the  expectoration  of  sputa,  at  first  frothy  and 
mucous,  later  rusty  and   perhaps   purulent.     In  rare  cases   only 
haemoptysis  occurs.    Braidwood  lays  stress  upon  a  peculiar  "sweet- 
ish,"  "hay-like11   "purulent"  odor  of  the  breath,   of  which  he 
says:  "This  character  of  the  breath  in  suppurative  fever  is  very 
remarkable  and  of  easy  recognition." 

Metastatic  abscesses  of  the  liver  cannot  readily  be  recognized 
unless  near  the  peritoneal  covering,  in  which  case  localized  peri- 
tonitis will  be  indicated  by  the  presence  of  a  sharp  pain  at  that 
spot.  Gussenbauer  has  recognized  the  presence  of  such  lesions 
twice  during  life  by  auscultation,  a  slight  crepitus  being  noticed. 
The  discoloration  of  the  skin  that  has  gradually  developed  has 
assumed  a  hue  deep  enough  to  be  recognized  as  an  icterus. 
jdescribed  by  Braidwood  as  "a  yellowish  tinge  intermixed  with 
;  dull  leaden  or  ashy  color  which  accompanies  wasting  disease." 
origin  is  not  probably  due  to  metastatic  inflammation  of  the 
r,  which  frequently  is  absent,  but  is  either  hematogenous  or  is. 
caused  by  the  presence  of  micrococcus  growths  in  the  capillaries  of 
the  skin,  The  facial  expression,  though  not  specially  characteristic 
of  the  disease,  is  different  from  that  of  septicaemia.  The  marked 
emaciation  which  has  already  set  in  gives  the  eyes  a  hollow,  sunken 
look.  At  the  same  time  they  show  by  their  anxious  expression  that 
the  intelligence  is  as  keen  as  ever,  and  it  may  remain  so  until  the 
final  stages  of  the  disease.  The  dryness  of  the  skin  occurring  with 
the  initial  rise  of  temperature  will  be  followed  by  profuse  perspira- 
tion, a  marked  symptom  as  the  disease  progresses,  appearing  inde- 
pendently of  the  chill  as  well  as  immediately  after  it, 

Later  in  the  course  of  the  disease  erythematous  patches  are 
seen,  or  there  is  a  scarlet  rash  extending  over  the  greater  portion 
of  the  body.  This  rash  assumes  in  pyaemia  a  most  markedly  papu- 
or  even  pustular  form,  and  it  is  undoubtedly  due  to  colonization 
micrococci  in  the  upper  layers  of  the  skin.  Toward  the  end 
irpura  spots  are  seen,  and  the  pustules  may  coalesce  and  give  rise 
fonl  discharges,  or  vesicles  filled  with  puriform  fluid  develop. 
There  is  not  found  so  marked  a  disturbance  of  the  digestive 
ins  as  in  septicaemia.     At  first  the  bowels  may  be  constipated. 
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The  tongue  is  furred,  the  thirst  is  great,  and,  as  the  fatal  w$% 
approaches,  the  tongue  becomes  dry  and  brown  and  is  coated  at 
last  with  a  heavy  crust,  while  the  gums  and  teeth  are  covered  with 
sordes.  Occasionally  foul  and  bloody  stools  occur,  but  diarrhoea  is 
a  more  characteristic  symptom  of  septicaemia. 

Another  marked  symptom  of  pyaemia  that  develops  itself  as  the 
disease  progresses  is  general  hyperesthesia.  The  patient  complain* 
of  a  sharp  pain,  first  at  one  point,  then  at  another.  Many  of  these 
pains  are  undoubtedly  due  to  metastatic  inflammation,  but  the  gen- 
eral  tenderness  which  manifests  itself  on  the  surface  of  the  body 
cannot  be  explained  in  this  way.  Such  patients  are  extrem-. 
ficult  to  handle  or  to  move  about  in  bed,  and  if,  in  addition,  there 
is  a  severe  wound  or  a  compound  fracture  of  the  bone,  the  situation 
is  extremely  trying  and  painful  for  the  nurse  as  well  as  for  the 
patient. 

Where  so  much  suppuration  is  going  on  one  woukLnath. 
expect  enlargement  of  the  glands  of  the  lymphatic  system,  and 
with  them  the  spleen;  but  there  is  not  found  that  pulpy  softening 
of  the  spleen  which  is  characteristic  of  septicaemia*  Met 
abscesses  and  infarctions  may  occur  in  this- organ,  as  elsewhere, 
in  which  case  there  will  be  an  enlargement  that  can  be  made  out 
by  percussion. 

As  an  indication  of  the  state  of  the  kidneys  the  condition  of  the 
urine  rarely  affords  much  information.  It  will,  of  course,  be  some- 
what scanty  and  high-colored,  particularly  at  first,  and  urates  may 
be  deposited  in  excess.  A  considerable  amount  of  albuminuria 
with  fibrinous  casts  would  indicate  a  hyperemia  of  these  organs, 
possibly  due  to  the  presence  of  metastatic  deposits,  but  possibly 
also  to  the  febrile  disturbance  only.  Pus-corpuscles  are  occasion- 
ally seen,  and  at  times  also  bacteria  in  considerable  quantities,  due 
to  the  effort  on  the  part  of  the  system  at  elimination  of  the  poi; 
Hofmeister  has  accounted  for  the  presence  of  peptone,  which 
found  in  this  as  well  as  in  certain  other  diseases,  by  show 
the  active  leucocytes  in  pus  possess  the  power  to  retain  pept 
so  that  the  amount  of  it  can  greatly  be  increased.  He 
therefore,  the  presence  of  this  substance  in  the  urine  as  an  i 
tion  of  the  breaking  down  of  pus-corpuscles  in  the  body.  H 
tafia  has  occasionally  been  noticed,  but  it  is  an  extremely 
symptom. 

Not  only  are  there  complications  in  the  internal  organs  during 
pyaemia,   but  on  the  surface  of  the  body  there  is  also  mm 
ccupy  the  attention  of  the  surgeon.     Among  the  most  important 


of  the  complications  are  those  found  in  joints,  Early  in  the  dis- 
tase  the  surgeon  may  have  complaints  of  pain  in  the  knee  or  in 
the  shoulder-joints,  and  an  examination  of  the  knee  will  enable 
the  surgeon  to  detect  readily  the  presence  of  an  effusion.  The 
surrounding  tissues  may  also  be  swollen  and  inflamed  for  a  con- 
siderable distance.  An  incision  into  such  a  joint  may  disclose 
the  presence  of  turbid  serum  or  pus,  which  may  collect  with  great 
rapidity.  The  sterno-clavicular  articulation  is  often  affected,  but 
its,  small  as  well  as  large,  are  liable  to  be  the  seat  of  inflam- 
mation. 

Phlegmonous  inflammations  are  also  seen,  but  they  more  fre- 
quently accompany  puerperal  pyaemia.  The  surrounding  tissues 
are  oedematous  and  the  muscles  are  of  a  brawny-red  color.  Meta- 
static inflammations  of  bones  are  not  likely  to  occur,  but  in  acute 
osteomyelitis  of  long  bones  accompanying  some  forms  of  "sponta- 
neous pysemia  "  there  are  signs  of  most  acute  and  extensive  inflam- 
,  accompanied  by  severe  pain.  The  inflammation  of  joints 
aiaj .  however,  be  accompanied  by  inflammation,  and  even  by  sup- 
puration, of  the  adjacent  bones.  In  amputation-stumps  the  signs 
jf  bone-inflammation  are  often  present.  There  is  an  increased  dis- 
charge of  foul  pus,  and  an  examination  discloses  the  presence  of  a 
Kqoestrurn  and  of  a  protruding  mass  of  granulation  tissue  from 
iie  medullary  cavity.  At  a  later  period  "the  medulla  is  found 
3ead,  blackened,  and  encysted,  but  within  it  is  a  putrid  mass  of 
bone  debris  and  pus.  A  probe  passes  down  the  entire  length  of 
the  shaft/' 

If  the  blood  be  examined  during  life,  there  are  found,  in  addi- 
on  to  the  presence  of  micrococci  already  mentioned,  an  increased 
number  of  white  blood-corpuscles  and  blood-plaques.  The  red 
corpuscles  are,  however,  diminished  in  number,  and  many  of  them 
have  a  crenated  or  shrunken  appearance,  which  may  account  in  a 
measure  for  the  ansemic  pallor  of  the  patient.  (See  page  ioo.) 
Symptoms  of  heart-lesion  are  rarely  noticed,  although  in  those 
cases  in  which  ulcerative  endocarditis  is  a  prominent  feature  pain 
m  the  region  of  the  heart  is  occasionally  mentioned. 

The  pulse  is  fairly  strong,  but  is  more  rapid  than  usual;  in  the 
iter  stages  of  the  disease  its  weakness  and  rapidity  are,  however, 

narked. 

The  prostration  at  this  period  becomes  a  striking  feature,  as  is 

so  the  great  emaciation,  which  at  times  becomes  extreme.     All 

ese  symptoms  will  be  aggravated  greatly  by  secondary  hemor- 

ages,  which  are  not  infrequent,  and  which  are  usually  hard  to 


SURGICAL    PATHOLOGY   AND    THERAPEUTICS. 

control,  as  they  may  be  repeated  even  after  the  ligature  of  a  larg^ 
vessel. 

In  the  later  stages  of  the  disease  the  mind  begins  to  fa:, 
there    occurs    for    the    first    time    delirium,    which,    as    the 
approaches,  gives  place  to  coma.     The  presence  of  paraly- 
bisinus,  sudden  deafness,  or  priapism  may  point  to  the  existence 
of  metastatic  meningeal   inflammation.     Suhsultus  tendinum  wi|J 
almost  always  be  present. 

The  usual  duration  of  pyaemia  is  from  ten  to  fifteen  days.  Bill- 
roth's  tables  give  ten  cases  which  lasted  from  ten  to  eighteen 
weeks.  It  is  probable,  he  thinks,  that  the  thrombi  form 
second  week,  and  are  most  dangerous  from  softening  in  the  third 
and  fourth  weeks.  The  writer  has  seen  a  case  which  lasted  nearly 
two  months. 

The  pyaemia  which  has  just  been  described  is  that  form  in  which 
the  virus  finds  an  entrance  into  the  system  through  the  surface  of 
a  wound.  But  it  has  long  been  recognized  that  pyeemia  may 
occur   although   uo   ivound  exists. 

The  etiology  of  this  form  of  pyaemia  has  already  been  discussed, 
and  the  reader  is  therefore  aware  that  the  micrococci  cau  get  into 
the  system  by  means  of  an  intravascular  infection.  It  remains 
for  the  writer  merely  to  mention  some  of  the  cases  which  belong 
in  this  category.  The  most  striking,  perhaps,  of  all,  and  the 
one  which  the  surgeon  is  most  likely  to  see,  is  the  case  of  acute 
osteomyelitis,  generally  of  the  long  bones.  Such  a  case  is 
ushered  in  by  a  chill.  Symptoms  of  the  most  acute  inflammation 
soon  show  the  origin  of  the  fever,  and  when  finally  suppuration  is 
established  and  the  abscess  breaks,  great  injury  has  been  done  to 
the  bone.  A  pysemic  complication  is  not,  therefore,  to  be  wondered 
at  when  the  severity  of  the  affection  is  considered. 

A  good  many  of  the  cases  of  ulcerative  endocarditis  belt 
this  category,  as  has  been  shown.     In  some  the  lesion  seems  ;ohc 
the  primary — that  is,  the  point  of  entrance  of  the  micrococ 
the  tissues;  in  others  the  endocarditis  may  be  but  one  of  a  scries 
of  secondary  changes  starting  from  an  inflamed  lung  or  lud 
inwu  a  rheumatic  joint.     The  symptoms  will  vary   considerably 
according  to  the  disease  of  which  the  embolism  and  metastn 
complications.     In  the  cardiac  group,   or  those  which  supervene 
usually  in  cases  of  chronic  heart  disease  when  weak  spots  in  the 
shape  of  fibrous  scars  exist  upon  the  valves,  there  will  be  symptoms 
of  pain  in  the  cardiac  region  and  palpitation,  with  a  sense  of  dis- 
tress, and  auscultation  will  disclose  a  murmur. 
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In  some  cases  cerebral  symptoms  seem  to  predominate  from  the 
beginning;  suppurative  meningitis  may  coexist  with  a  patch  of 
pneumonia  at  the  apex  of  one  lung  and  with  endocarditis  of  the 
miiral  valve.  Different  portions  of  the  body  have  been  examined 
carefully  to  find  the  door  through  which  the  virus  has  entered  in 
these  forms  of  obscure  origin.  The  following  case,  occurring  in 
the  writer's  practice,  fairly  illustrates  the  type  of  pyaemia  that 
evelops  without  a  wound: 


E  L ,  a  female  thirty-four  years  of  age,  entered  the  medical  wards  of  the 

with  pain  in  the  right  lumbar  region,  which  pain  had  existed  for  six 
and  which  was  ushered  in  with  a  rigor.     She  had  been  in  poor  health 
ring:  the  winter,  and  had  recently  suffered  from  one  or  two  epileptic  seiz- 
The  signs  of  suppuration  growing  more  marked  and  pus  appearing  in 
be  urine,  a  diagnosis  of  perinephritic  abscess  was  made,  and,  as  her  condi- 
ioo  was  grave,  she  was  transferred  to  the  writer's  wards  and  the  abscess 
ns opened,  ten  ounces  of  pus  being  removed.    Chills  and  increase  of  fever 
3d  developed  before  the  operation.     At  the  time  of  the  evacuation  of  the 
as  a  gelatin  culture  was  taken,  which  in  a  day  or  two  developed  into  the 
taphylococcus.     No  improvement  followed  ;  the  breathing  became  labored; 
ury  dejections  occurred ;  the  pulse  ran  up  to  180,  and  the  patient 
lied  on  the  fifth  day  after  the  operation. 
At  the  autopsy  there  was  oedema  of  the  lungs.     Miliary  abscesses  were 
D  the  surface  of  the  heart  and  in  the  papillary  muscles,  and  the  edges 
rfthe  aortic  valves  were  thickened.     There  was  hemorrhagic  infarction  of 
«  spleen  and  acute  purulent  nephritis  of  the  right  kidney,  and  miliary 
ses  in  the  central  portion  of  the  left   kidney  had  occurred.     A  small 
IS  was  found  in  the  intestine,  and  one  the  size  of  a  horse- 
nut  was   found   in  the  liver,      A  microscopic   section   of  one  of  the 
the  heart  showed  the  typical  microscopical  appearances,  a  clump 
s  growth  occupying  the  centre.     At  the  demonstration  before 
class  the  original  aureus  culture  was  shown  at  the  same  time  with  the 
licroscopical  sections  and  the  fresh  organs  in  which  metastasis  had  occurred. 

In  puerperal  pyaemia  there  is  pretty  much  the  same  chain  of 
rvents  that  occur  in  traumatic  pyaemia.  According:  to  Baumgar- 
streptococcus  is  often  found  in  secretions  from  the 
■agina,  which  seems  to  constitute  a  sort  of  lurking-place  for  it,  and 
Ihe  lochia  furnish  a  most  admirable  culture  material.  After  par- 
nrition  the  uterine  contractions,  the  free  flow  of  the  lochia,  and 
ibe  rapid  epithelial  formations  that  cover  the  denuded  surface  do 
ot  give  the  cocci  an  opportunity  to  obtain  an  entrance.     If,  how- 

b,  the  contractions  are  feeble  and  the  lochia  are  retained,  the 
ses  are  not  securely  closed,  and  if  epithelial  formation  is  pre- 
nted  by  placental  remains,  which  are  very  favorable  spots  for 
cferial  development,  or  if  the  deeper  layers  of  the  uterine  walls 
torn,  the  door  is  at  once  opened  to  puerperal  infection.     The 
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form  of  endometritis  which  results  is  usually  a  diphtheritic  one, 
for  the  streptococcus  has  only  a  feeble  peptonizing  influence;  but 
during  a  more  prolonged  stay  in  distant  parts  its  capacity  to  cause 
inflammation  may  be  strengthened,  and  it  is  then  fully  capable  of 
causing  suppuration.  It  may  follow  the  route  of  the  lymphatics 
os  of  the  blood-vessels,  causing  parametritis,  ulcerative  endocar- 
ditis, and  metastatic  abscess  in  the  various  organs.  Puerperal 
pyaemia  is  said  by  Billroth  to  be  relatively  less  malignant  I 
surgical  pyaemia.  Of  a  series  of  50  cases  tabulated  by  him,  5 
recovered,  and  these  5  were  all  cases  of  puerperal  pyaemia. 

Surgical  pyaemia  is  sometimes  divided  into  acute  and  chronic 
forms.  The  form  usually  described  as  chronic  is  that  which  has 
already  been  studied  under  the  head  of  Suppurative  Fever.  The 
diseases  are,  however,  of  quite  different  character,  presenting  not 
only  different  causes,  but  different  symptoms  and  pathological 
changes;  they  have  only  this  in  common:  they  are  both  complin 
cations  arising  from  a  suppurating  wound. 

As  has  been  seen,  pyaemia  may  kill  rapidly  in  a  few  days,  or  ^ 
may  last  weeks  or  even  months.  In  the  latter  case  the  symptom^ 
are  not  so  pronounced  as  in  the  acute  type:  chills  are  less  freque: 
as  metastatic  inflammations  are  fewer  in  number.  The  chances 
recovery'  is  such  cases  aTe  correspondingly  greater.  Such  a  case-^ 
the  following,  an  example  of  true  chronic  pyaemia: 

W.  C .  twenty-seven  years  old,  a  healthy  brakeman,  received  ft  C*jq. 

pound  comminuted  fracture  of  the  left  leg  from  a  car-wheel.  Amputation  0f 
the  thigh  was  performed  through  the  condyles.  Extensive  sloughing  of  ^ 
flaps  followed,  and  on  the  seventh  day  a  hemorrhage  occurred  from  the  popf/. 
teal  artery  ;  the  vessel  was  secured  in  the  wound,  but  four  days  later  a  second 
hemorrhage  occurred,  and  the  femoral  was  tied  at  the  point  of  election.  Tine 
days  later  swelling  and  tenderness  of  the  left  parotid  showed  itself,  and  event- 
ually an  abscess  formed,  which  was  opened. 

At  this  date  there  was  also  increased  respiration  with  bloodj'  sputa,  and  ai 
times  the  patient  became  delirious.    By  this  time  the  patient  had 
amtmie,  emaciated,  and  greatly  prostrated  in  strength.     An  offensive 
charge  oozed  from  the  wound.     The  thigh  was  shrunken   and  th- 
were  pale  and  blue.    A  day  or  two  later  a  sharp  pain  in  the  right  side  it  the 
level  of  the  fifth  rib  ushered  in  a  local  pleun 

Two  slight  hemorrhages  occurred  from  the  point  of  ligature  of  the  ftmi 
about  a  month  after  the  patient's  entrance  to  the  hospital,  and  the  AH 
again  tied  higher  up.    He  seemed  now  to  be  failing  ,  emaciation  was  extreme 
and  the  sensitiveness  of  all  parts  of  the  body  was  so  great  that  it  was  with 
difficulty  that  his  wounds  were  dressed.    Under  stimulants  and  nourish! 
he  rallied,  however,  and  by  the  sixtieth  day  the  temperature  remained  on 
the  normal  line  for  the  first  time.     Pyrexia  in  a  milder  form  rvturned  later, 
and  on  the  ninetieth  day  an  abscess  formed  in  the  middle  of  the  thigfe, 


PYASM/A.  37 

although  the  wounds  by  this  time  had  nearly  healed.  After  this  no  further 
suppuration  occurred,  and  he  was  discharged  from  the  hospital  with  tv 
small  granulating  surfaces  at  the  end  of  the  stump  four  months  ExXMB  the  turn- 
of  entrance,  the  temperature  having  been  normal  for  a  week  only  previous  t«> 
his  departure. 

So  much  has  already  been  said  about  the  pathological  changes 
seen  in  pyaemia  that  it  would  be  difficult  to  give  a  detailed  account 
the  post-mortem  appearances  without  much  repetition. 
Decomposition  in  the  cadaver  does  not  set  in  nearly  so  quickly 
as  ia  septicaemia.     The  surface  of  the  wound  is  of  a  blackish-green 
color  like  gangrenous  tissue,  the  granulations  are  smooth  and  glazed, 
and  there  is  usually  little  discharge  in  the  wound.     Large  arteries 
maybe  seen  occasionally,  partly  open  so  far  as  their  walls  are  con- 
cerned, but  they  are  plugged  by  a  protruding  clot  which  is  still 
firmly  attached  to  them.     Thrombo-phlebitis  exists  in  veins  lead- 
rng  from  or  adjacent  to  the  wound.      The  purifonn  softening  may 
have  broken  down  the  entire  thrombus,  and  nothing  remains  but  a 
soft  muddy  purifonn  material,  extending  sometimes  for  a  long  dis- 
tance beyond  all  signs  of  local  inflammation. 

Excellent  examples  of  thrombosis  can  be  seen  in  the  sinuses 
after  injuries  to  the  bones  of  the  cranium.  An  examination  of  the 
il  organs  brings  to  light  the  presence  chiefly  of  metastatic 
abscesses.  But  it  must  not  be  supposed  that  they  are  dotted  about  in 
the  profusion  seen  in  the  beautiful  anatomical  plates  of  Cruveilhier 
and  others.  In  the  large  proportion  of  a  series  of  cases  reported  by 
a  committee  of  the  London  Pathological  Society  a  post-mortem 
examination  showed  the  presence  of  abscesses  in  the  lungs  and 
such  a  swelling  of  the  spleen  and  kidneys  as  one  would  expect  to 
see  in  any  severe  febrile  disturbance.  The  presence  of  abscesses 
of  the  lungs  can  easily  be  accounted  for,  the  ramifications  of  the 
pulmonary  artery  being  naturally  the  first  lodging-place  of  a 
wandering  embolus.  They  are  more  frequent  in  the  lower  lobe, 
as  the  branches  of  the  artery  are  somewhat  larger  there.  They  are 
not  usually  of  large  size,  but  several  may  run  together  and  form  a 
is  large  as  a  hen's  ^gg.  Catarrhal  pneumonia  may  surround 
Ikm.  Infarction  may  also  occur.  A  serous  effusion  is  often  found 
k  the  pleural  cavity;  more  rarely  it  is  purulent. 

The  liver  fa  usual ly  in  a  state  of  cloudy  swelling.  Occasionally 
it  is  the  seat  of  abscesses,  which  arise  from  several  sources.  They 
may  be  the  result  of  thrombosis  of  the  pulmonary  veins  following 
bscesses  in  the  lungs,  or  they  may  be  dependent  upon  the  soften- 
ng  of  thrombi  in  the  portal  system,  or,  finally,  they  may  be  caused 
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by  minute  emboli  which  have  passed  the  lungs.     They  are 
posed  to  follow,  frequently,  injuries  to  the  head,  and  they  are  n 
numerous,    and    frequently   are  quite    superficial.      Occasionally 
single  large  abscess  will  be  found  in  the  liver.    The  liver  is  said  to 
be,  next  to  the  lungs,  the  most  frequent  seat  of  metastatic  deposits. 

The  kidneys  are  often  the  seat  of  miliary  abscesses  or  small 
emboli   (Fig.    27).      The   metastatic  deposits   aTe   more   frequently 
seen  in  the  cortical  portion,  for  the  reason,  as  already  noted,  that 
the  Malpighian  bodies  are  particularly  favorable  for  the  lodging 
of  masses  of  micrococci.     On  section,   the  organ  appears  swollen 
and  cedematous.     The   metastatic   abscess  is  the  lesion  most  fit- 
quently  seen,  but  infarction  may  be  found  also. 

Morbid  lesions  of  the  heart  are  not  so  frequent  in  the  surgical 
forms  of  pyaemia  as  they  are  in  the  class  of  cases  that  have  been 
described.     The  mitral  or  the  aortic  valve  may  be  affected,  but, 
according  to  Hutchinson,  more  frequently  it  is  the  mitral,  and  this 
author  mentions  two  cases  in   which  the    lesion   was  recognized 
before  death  by  a  mitral  murmur.      The  lesions  consisted  in 
ular  growths   upon  the   valves,   which   subsequently  break  down 
and  leave  the   so-called   "ulcerations."     This  process   may  1>, 
extensive   sometimes   as   to   leave   an    ulcer  of  considerable 
according  to  Osier,  perforation  of  the  septum  has  even  occurred. 
Metastatic  abscesses  may  also  be  found  in  the  muscular  substance 
of  the  organ.     The  existence  of  slight  pericarditis  may  be  iudi. 
cated  by  the  presence  of  an  increased  amount  of  fluid  in  the  peri- 
cardium. 

The   intestinal  canal,  as  already  seen,  is  not  so  likely  to  be 
affected  in  pyaemia  as   in   septicaemia,  and   frequently  no  ptl 
logical  changes  whatever  are  found.     A  miliary  abscess  may,  bw« 
ever,  occasionally  be  found  in  the  submucous  tissue,  and  the  i 
membrane  may  occasionally  also  be  affected  and  break  down, 
forming  ulcerations.     The  latter  may  appear  as  small  ulcers  pene- 
trating the  mucous  and  vascular  coats,  and  they  are  occasion 
seen   near   the  pyloric  orifice  of  the  stomach  in  puerperal  c 
According  to  Braidwood,  the  large  intestine  appears  to  be  mote 
frequently  affected,  and  the  ulcers,  when  of  any  sire,  are  situated 
with  their  long  diameters  across  the  axis  of  the  canal. 

The  brain  may  be  passively  hypersemic,  when  the  heart  and 
lungs  are  affected,  with  some  effusion  in  the  ventricles.  The  pres- 
ence of  metastatic  abscesses  is  rare:  when  seen  they  are  small  and 
are  in  the  cortical  portion.  One  would  more  likely  find  patches  of 
congestion  in  different  portions  of  the  brain,  or  suppurative  meniu- 
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Metastatic  deposits  have  not  been  found  in  the  spinal  cord, 
i  because  the  lack  of  well-defined  symptoms  does  not  lead  to 
nination  of  that  organ, 
inmation  of  the  connective  tissue  with  suppuration  is  occa- 

seen,  Gussenbauer  has  found  it  more  frequent  in  puerpe- 
mia.  Infection  may  occur  through  the  arterial  system,  or 
Metastasis  may  occur  in  the  neighborhood  of  the  wound,  as 
>f  the  cases  first  reported. 

L-inflammations  are  also  supposed  to  be  more  frequent  in 
•al  pyaemia,  but  they  are  certainly  a  characteristic  also  of 
\  forms  of  the  disease.  The  knee  and  shoulder  are  the  parts 
equently  affected,  but  inflammation  is  often  found  in  the 
nd  in  the  sterno-clavicular  and  temporo-maxillary  articula- 

An  inflammation  of  the  latter  joint  might  easily  be  mis- 
far  suppurative  parotitis.  The  condition  found  on  opening 
it  in  the  milder  form  of  inflammation  is  congestion  of  the 
il  membrane  accompanied  by  a  more  or  less  abundant  effu- 
synovial  fluid.  Later,  pus  forms,  ulceration  of  the  cartilage 
>lace,  and  the  joint  may  become  completely  disorganized. 
£  cases  a  large  quantity  of  pus  may  form  in  a  joint,  and  on 
g  it  out  only  very  slight  traces  of  morbid  action  may  be 
;d  (Savory).  When  the  joint-inflammation  has  been  severe 
ute  in  type  the  surrounding  tissues  are  often  extensively 
n3.  It  is  in  these  cases  that  the  muscles,  when  cut  into, 
.  the  brawny  condition  so  often  described.  Metastatic 
es  are  more  often  found  in  muscles  of  the  extremities 
i  those  of  the  breast.  Purulent  exudation  is  sometimes 
even  in  the  sheaths  of  the  tendons.  Bristowe  mentions 
sence  of  metastatic  abscess  in  the  tongue.  Perhaps  much 
hypenesthesia  complained  of  by  pysemic  patients  may  be 
congestions  or  to  inflammations  in  the  soft  parts,  which  at 
:opsy  escape  notice. 

bones  are  more  frequently  the  seat  of  inflammation,  from 
pyaemic  poisoning  may  originate,  than  the  seat  of  secondary 
The  medullary  tissues  are  so  constituted,  anatomically, 
Ivor  absorption  of  the  products  of  infective  inflammation. 
tnes  in  the  neighborhood  of  the  wound  are  likely  to  show 
f  periostitis  and  osteomyelitis  in  pyaemic  cases.  Metastatic 
?s  are  seen,  however,  in  the  diploe  of  the  cranial  bones. 

parotid  gland  is  not  un frequently  the  seat  of  metastatic 
A  metastatic  panophthalmitis  is  sometimes  caused  by  an 
of  the  retinal  and  choroidal  vessels.     Such  an  inflamma- 


i  is  of  course  very  destructive,  and  the  contents 
usually  slough  and  escape.  Gamgee  has  seen  metastatic  abscess 
three  times  in  the  prostate.  Rarer  seats  of  abscess  are  the  thyroid 
gland,  the  mediastinum,  the  testicles,  and  the  ovaries. 

The  diagnosis  of  pyaemia  is  not  difficult  after  the  disease  is 
well  established,  for  the  intermittent  type  of  fever  and  the  chill 
are  sufficiently  characteristic,  particularly  if  there  be  a  suppurating 
wound.     The  presence  of  mental  disturbance  with  a  sudden  chill 
and   fever,  and  the  existence  of  sloughing  tissue  in  the  wound, 
would  be  suggestive  of  septicaemia.     If  there  were  considerable 
digestive  disturbance  coincident  with  a  chill,  the  surgeon  raight 
suspect    the   approach    of   an   attack   of   erysipelas.      Emaciation, 
hyperesthesia,   diaphoresis,   and   great  prostration   are  sympt 
sufficiently  characteristic  to  aid  in  establishing  the  diagnosis,  which 
will  be  confirmed  when  the  existence  of  a  metastatic  abscess  has 
been  established  with  certainty. 

Speaking  of  the  prognosis  of  pyaemia,  Savory  graphically  savs: 
"  Seldom  giving  any  warning  of  its  approach,  it  will  at  once  con- 
vert a  case  which  just  before  seemed  full  of  promise  into  one  past 
all  hope  of  recovery;  for  it  cannot  be  denied  that,  with  ran 
tions,  to  pronounce  a  patient  the  subject  of  pyaemia  is  to  say  that 
he  is  a  doomed  man."  Nevertheless,  the  number  of  cases  of 
recovery  that  have  been  reported  is  a  respectable  one.  In  the  first 
place,  there  is  a  relatively  high  percentage  of  cures  in  puerperal  \ffb- 
mia.  In  surgical  pyaemia  most  writers  report  cases  of  cure*  In  one 
case  an  account  has  been  given  of  the  autopsy  performed  upon  a  man 
who  had  recovered  from  pyaemia  the  year  before:  the  cicatrices  of  the 
metastatic  abscesses  were  plainly  visible  in  the  internal  organs.  Ac- 
cording to  Guerin,  these  patients  do  not  long  survive  their  reco' 

The  treatment  of  pyaemia  is  of  course  chiefly  preventive 
results  obtained  by  the  introduction  of  the  antiseptic  treatment 
wounds  are  probably  more  brilliant  than  those  which  the  hi 
of  any  other  affection,   medical  or  surgical,   can  show. 

When  once  the  disease  is  established,  it  has  been  suggested 
amputation  of  the  injured  limb,  if  the  wound  be  in  that 
would  cut  off  the  source  of  the  poison.  This  expedient  the  writer 
tried  in  one  case,  but  without  success.  At  the  autopsy  it  wis  I 
shown  that  the  puriform  softening  of  the  thrombus  extended  to 
Poupart's  ligament.  Still,  a  number  of  cases  have  been  reported 
wherein  pyaemia  has  been  arrested  by  amputation.  Ligature  oi 
the  infected  vein  has  been  advised,  and  more  recently  opening  the 
vein  and  removing  the  infected  thrombus. 


stigations  of  Man-wen  have  given  a  strong  impetus  to  this  mode 
ith  the  lateral  and  sigmoid  sinuses  in  cases  of  infection  following 
of  the  middle  ear.  As  the  result  of  this  infection,  throml  n  is 
nly  in  the  sinuses  mentioned,  but  the  internal  jugular  vein,  e-spe- 
per  third,  not  infrequently  also  participates  in  the  inflammatory 

tn  disintegration  of  the  thrombus  takes  place  systemic  infection 
e  emboli  lodging  themselves  in  the  lungs  principally,  and  occa- 
he  liver  and  kidneys.  If  an  extensive  thrombosis  has  been  set 
ius,  a  portion  of  it  may  be  placed  beyond  the  limits  of  the  infected 

while  the  centre  of  the  thrombus  undergoes  puriform  softening, 

ies  may  still  remain  aseptic.  As  the  result  of  this  infection  the 
tBHU  may  break  down  and  pus  may  collect  between  the  wall  of 
id  the  bone.  On  opening  the  bone  at  the  point  of  the  sigmoid 
ilations  are  often  seen  covering  the  sinus,  and  often  along  with 
s  an  oozing  of  pus. 

in-wall  is  still  intact,  it  may  be  laid  open,  and  the  contents  of 
ay  thus  be  exposed  to  view,  when  the  disintegrating  clot  "  may 
by  the  aid  of  a  small  spoon  or  gently  washed  out :  the  former  is 

In  manipulating  the  contents  of  the  sinuses,  especially  when 
e  thrombus  from  the  side  nearest  the  jugular  bulb,  care  is  neces* 
:  admission  of  air,  more  especially  if  aseptic  washings  be  em- 
.cewen  does  not  recommend  the  ligature  of  a  large  sinus.  Bal- 
[orsley  have,  however,  recommended  the  ligature  of  the  internal 
ddition  to  the  curetting  of  the  sinus,  and  this  operation  may  be 
i  cases  where  the  infection  has  extended  to  this  vein.     If  it  is 

ligature  the  vein,  it  should  be  done  before  clearing  out  the  sinus. 
be  forgotten,  however,  that  the  internal  jugular  is  not  the  sole 
ween  the  sigmoid  sinus  and  the  lungs. 

nited  States  the  operation  of  curetting  the  sinus  has  been  per- 
essfully  by  Mixter.  About  an  inch  and  a  half  of  the  sinus  was 
i,  as  it  showed  no  pulsation,  it  was  incised  and  an  inch  and  a 
raed  thrombus  was  removed  with  an  ordinary  dressing- forceps, 
so  performed  this  operation,  without,  however,  succeeding  in 
patient. 

i  recommends  that  infective  pustules  on  the  face  or  lips  should 
nd  that  the  main  veins  should  be  tied,  "In  infective  wounds  of 
cavity,  rather  than  permit  the  formation  of  infective  thrombosis 
rnous  sinus,  the  serious  question  of  extirpation  of  the  eyeball 
I  out  of  the  contents  of  the  cavity  may  arise." 

of  this  method  has  been  sufficiently  great  to  author- 
men  t  in  other  regions  of  the  body,  as,  for  instance, 
vein.  It  is  only  radical  measures  like  these  that 
ny  hope  of  relief  after  infective  thrombosis  has  once 
ished. 

e  disinfection  of  the  wound  should  of  course  be  attempted 
g  discharges  are  retained,  and  its  walls  should  be  curet- 
hly  to  remove  the  layer  of  germinating  bacteria,  Meta- 
«sses  should  promptly  be  opened  and  disinfected  when 
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possible;  and  if  suppuration  is  established  in  a  joint,  it  should  nc 
be  allowed  to  go  on  without  an  attempt  to  arrest  its  progress  b\ 
surgical  interference.     Incision  and  free  douching  with  antiseptic 
are  advised,  and  in  cases  of  chronic  character  this  procedure  ma) 
be  sufficiently  successful  to  save  life. 

The  administration  of  antipyretics  is  not  advisable,  as  most  of 
them  have  a  rather  debilitating  effect  upon  the  heart.     If  any  drug 
should  be  thought  desirable  to  combat  the  fever,  quinine  is  to  be 
preferred.     Alcohol  is  probably  the  surgeon's  mainstay  in  the 
ease,  and  it  should  be  given  freely  even  to  patients  who  are  not 
accustomed  to  its  use.    Their  temperate  habits  will  now  stand  them 
in  good  stead.     The  amount  should  be  so  adjusted  as  not  to  caujt 
flushing  of  the  face  at  any  time.      Easily-digested  food  of  the  raos( 
nutritious  kind  should  be  given  with  all  the  care  that  skilled  dims. 
ing  can  devote  to  its  administration. 

The  hygienic  surroundings  should  of  course  be  considered.  If 
the  patient  is  in  a  hospital,  he  may  be  moved  into  the  open  ail 
several  hours  a  day  if  the  disease  is  not  running  too  acute  a  conw 
or  the  exhaustion  caused  by  the  moving  is  not  too  great.  If  the 
case  becomes  chronic,  a  complete  change  of  room  and  of  clothing 
will  often  produce  the  same  effect  upon  the  course  of  the  disease 
that  a  change  of  climate  does  to  an  invalid. 

The  weakened  condition  of  the  blood  should  not  be  overlooked 
during  convalescence.  The  administration  of  iron  would  probably 
be  indicated  to  repair  the  damage  done  to  the  red  blood -corpuscles. 
It  is  to  be  hoped,  however,  that  few  surgeons  will  ever  see  cases  of 
pyaemia  in  the  future. 


XVI.    ERYSIPELAS. 


ONE  of  the  most  frequent  of  traumatic  infective  diseases,  and 

:  which  antisepsis  has  not  yet  succeeded  in  banishing  entirely 

our  hospitals,  is  erysipelas.     It  may  be  defined  as  an  acute 

inflammation  of  the  skin  spreading  along  the  surface,  and  rarely  to 

the  deeper  parts,  with  a  tendency  to  spontaneous  recovery.     It  is 

accompanied  by  acute  febrile  disturbance;  it  may  involve  mucous 

membranes ;  it  may  recur.     The  name  is  said  to  owe  its  origin  to 

',  red,  and  iri<Ua,  skin.     There  is,  however,  no  good  Greek 

authority  for  the  latter  word.     '  F.puooz  and  milac  are  suggestive 

IMds,  but  have  no  meaning  which  would  justify  their  use. 

The  disease  was  known  to  the  ancients,  but  reliable  reports  of 
epidemics  date    back    not   farther    than    the   latter  part   of    the 
eighteenth  century.     Erysipelatous  angina  was  epidemic  in  Great 
Britain  in  1777  and  1800,  and  extensive  epidemics  occurred  also  in 
that  country  in  1821  and  in  1832;  there  was  an  epidemic  in  France 
in  1750.      According  to  Tillmans,  during  1843  the  disease  visited 
»tland,  Denmark,  and  Germany,  and  numerous  American  authori- 
ses bear  testimony  to  the  fact  that  it  prevailed  in  America  in  1842. 
ill  and  Dexter  give  a  description  of  "erysipelatous  fever"  as  it 
ppeared  in  1842-43  in  the  northern  section  of  Vermont  and  New 
impshire. 

The  accounts  of  these  epidemics  paint  pictures  of  a  much 
,*erer  type  of  disease  than  the  surgeon  is  accustomed  to  see  to- 
Xhe  inflammation  began  frequently  in  the  throat.  In  Indi- 
the  tongue  was  noticed  to  become  very  much  swollen,  assum- 
a  blackish-brown  color,  and  deglutition  was  almost  impossible. 
Tew  England  the  phlegmonous  form  was  common.  One  prac- 
ler  writes:  "The  whole  surface,  under  the  pectoral  muscle 
ending  to  the  axilla,  frequently  under  the  latissimus  dorsi  run- 
ig  up  under  the  muscles  of  the  shoulder,  is,  in  not  a  few  cases, 
extensive  abscess."  In  many  cases  the  muscles  and  bones 
ere  involved,  and  the  discharges  were  said  to  be  so  acrid  that  the 
airiest  steel  was  "directly  penetrated  by  it  as  by  nitric  acid,"  and 
ic  instruments  used  in  opening  an  abscess  were  found,  after  being 
aside  for  a  few  hours,  to  be  entirely  unfit  for  further  use.  The 
iemic  prevailed  in  the  greater  portion  of  the  Northern  States, 
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and  large  numbers  of  lives  were  sacrificed.  This  appears  to  have 
been  the  last  expiring  effort  of  the  disease  as  an  epidemic  type,  fo> 
since  that  time  no  such  accounts  are  preserved  in  literature,  ang 
during  the  writer's  own  experience  the  disease  in  that  form 
practically  been  unknown. 

The  origin  of  the  virus  of  erysipelas  has  always  been  a 
of  much  dispute,   many  having  thought  that  no  specific 
existed,  but  that  the  disease  was  caused  by  exposure  to  cold 
meteorological  influences.     The  early  experiments  made  to  test 
possibility  of  transmitting  the  virus  to  animals,  and  of  thus 
ing  the  inoculability  of  the  disease,  did  not  meet  with  such  sm 
as  to  settle  the  question  definitely.    Prominent  among  these  ex| 
ments  were  those  of  Tillmans,  who  inoculated  rabbits  and 
with  virus  taken  from  the  large  vesicles  which  form  upon  the 
eased  skin,  and  also  with  blood,  lymph,  and  pus.    Out  of  25  ex 
ments  conducted  in  this  manner,  5  only  were  successful.     In 
5  cases  the  disease  was  subsequently  transmitted  to  other  ani 
Tillmans  concludes  that  the  disease  is  only  mildly  contagious, 
this  was  also  the  opinion  of  other  observers. 

Fehleisen,  who  was  one  of  the  first  to  isolate  the  strept 
of  erysipelas,  succeeded  not  only  in  transmitting  the  disease  to 
mals,  but  also  from  man  to  man.     The  human  inoculations 
justified  by  being  used  for  the  purpose  of  curing  chronic  I 
ulceration  of  the  skin,  such  as  lupus  or  rodent  ulcer  and  also 
coma.    Of  seven  persons  thus  inoculated,  six  developed  erysi 
the  single  failure  was  probably  due  to  the  fact  that  the  pai 
inoculated  had  passed  through  an  attack  of  the  disease  some 
months   previously,   and  was   therefore  supposed  to  be  proti 
from  a  second  attack.     The  period  of  incubation  was  found  to  1 
from   fifteen   to  sixty-one  hours.     The  coccus  was  found  in 
lymphatic  vessels  of  the  skin  and  in  the  lymph-spaces,  and 
the  culture  was  pure   it   never   produced   suppuration.      Fell! 
concludes   from   his  observations  that  the  erysipelas  coccus 
specific  microbe  which  will  always  reproduce  the  disease 
inoculated  even  in  the  smallest  quantities,  differing  thus  from 
staphylococcus,  which  must  be  administered  in  a  sufficiently 
dose.    These  experiments  upon  man  were  based  upon  the  ex 
that  an  attack  of  erysipelas  often  exerted  a  curative  effect,  bu' 
the  cases  mentioned  the  inoculation  failed  to  cure  the  malignant 
growths.     Finally,  a  death  having  occurred  from  eiysipela- 
hands  of  imitators  of  this  method,  further  experimentation  in 
line  was  very  properly  abandoned. 


The  bacteriological   studies   of    Koch,    Rosenbaeh,   and   other 
observers  fully  confirmed  those  of  Fehleisen  as  to  the  nature  of  the 
organism  which  is  the  cause  of  erysipelas.     The  single  cocci  are 
from  0.3,"  to  0.4//  in  diameter.     They  grow  in  serpentine  cham>. 
the  links  of  the  chains  forming  pairs  of  cocci,  as  in  most  forms  of 
streptococci.     When  each   coccus   is   about  to  divide  it  becomes 
larger  and  oval,  and  two  cocci  result  from  the  fission  of  the  old 
one     The   organism   is  readily   stained  with   the   usual   aniline 
reagents. 
The  question  of  the  identity  of  the  erysipelas  coccus  with  the 
tococcus  pyogenes  has  frequently  been  raised,  and  authorities 
are  not  yet  entirely  agreed  upon  this  point.     The  coccus  of  erysip- 
is  somewhat  larger  than  the  streptococcus.    The  culture  on  the 
of  agar  appears  as  a  very  delicate  grayish-white  film  com- 
of  great  numbers  of  minute  colonies  closely  crowded  together, 
en  the  gelatin  is  inoculated  fine  white  granular  masses  form 
ilong  the  line  of  puncture,  but  at  the  surface  there  is  usually  not 
much  growth.     The  culture  shows  after  twenty-four  hours,   and 
reaches  its  full  development  in  four  days.     It  does  not  have  a  sol- 
vent action  upon  the  gelatin.     The  cultures  die  out  at  the  end  of 
four  months. 

Baumgarten  thinks  that  the  erysipelas  coccus  and  the  streptococ- 
\v  different  degrees  of  activity  in  the  same  species — that  they 
are  the  same  organism,  which  under  different  external  conditions 
act  differently.    The  organism  when  situated  in  the  superficial  firm 
rsof  the  skin  acts  with  less  virulence,  causing  sero-cellular  or 
fibrinous  exudation,  while  in  the  loose  structures  of  the  subcu- 
taneous tissues  it  acts  more  vigorously,  causing  suppuration.    Many 
modern  observers  concede  that  the  erysipelas  coccus  causes  not  only 
erysipelas,  but  also  abscess,  but  many  others  believe  that  when  sup- 
puration occurs,  it  is  due  to  pyogenic  cocci  which  have  become 
ed  secondarily,  and  that  suppuration  is  therefore  merely  a 
complication  of  the  disease.     Experimental  inoculation  with  ery- 
sipelas cocci  has,  in  the  hands  of  one  observer,  always  produced 
erysipelas,    while    inoculations    with    the    streptococcus   produced 

rlegmonous  inflammation. 
If  the  organisms  are  situated  in  the  skin  the  inflammation  will 
be  erysipelatous,  but  if  in  the  deeper  tissues  it  will  be  phlegmon- 
Mis.     Till  mans  would  group  all  progressive  types  of  inflammation 
D  the  same  class.     Such  a  classification  would  place  not  only  cel- 

C [itis,  but  also  lymphangitis,  malignant  oedema,  and  even  fulmi- 
ting  gangrene,  in  the  same  group  with  erysipelas;  but  our  pres- 
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ent  knowledge  of  the  bacteriology  of  these  affections  would  hardlv 
authorize  such  a  wholesale  grouping. 

The  cocci  are  fun  ud  in  the  capillary  lymphatics  of  the  skin  u 
the  lymph-spaces  chiefly,  but  they  are  sometimes  also  seen  in  the 
capillar}'  blood-vessels  and  in  the  small  veins.  They 
found  even  beyond  the  lines  of  the  inflammation  in  parts  as  i 
unchanged.  Near  the  red  border  the  growth  of  organisms  is  most 
active.  The  lymphatics  are  so  crowded  with  them  that  leucocytes 
are  hard  to  find.  Chains  of  cocci  may  be  seen  at  this  point  in  the 
adjacent  connective  tissue,  and  here  also  will  be  observed  the  signs 
of  active  inflammation  as  indicated  by  bypenemia  of  the  vessels, 
emigration  of  leucocytes,  and  swelling  of  the  fibres  of  the  conn 
tive  tissue.  According  to  Baumgarten>  the  cocci  lie  between  1 
leucocytes  in  the  lymphatics,  but  in  the  tissues  they  are  occasio 
ally  found  in  the  cells.  Nearer  the  centre  of  the  inflamed  parts, 
where  the  process  has  been  going  on  longer,  the  infiltration  is 
greater,  but  the  cocci  have,  according  to  Baumgarten,  disappeared. 
They  are  found  in  small  numbers  only  in  the  vesicles.  B;i 
ten  does  not  agree  with  Metschnikoff  that  the  disappearance  of  i 
cocci  is  due  to  phagocytes.  The  cell-exudation  does  not  take  place 
until  after  the  coccus  growth  has  reached  its  height,  and  onl 
cocci  are  found  in  the  cells.  The  cocci  do  not  spread  throuj 
body  in  the  vascular  circuit,  although  they  may  occasionally  be 
found  in  the  blood-vessels  at  a  distance  from  the  inflammation. 
The  constitutional  disturbance  accompanying  erysipelatous  in 
mation  is  undoubtedly  due  to  their  presence  in  the  circulation  < 
to  the  presence  of  ptomaines.  The  appearance  of  the  disease  at  a 
point  distant  from  the  seat  of  the  inoculation  is  clinical  proof  that 
the  virus  may  be  transmitted  through  the  circulation. 

If  the  erysipelas  cocci  are  identical  with  some  of  the  chair 
cocci  found  in  decomposing  substances,  this  accounts  fur  the  fact 
that  the  disease  may  be  acquired  both  by  contagion  and  b 
matic   infection,  as  in  epidemics;  also  for  its  occurrence  at 
seasons  of  the  year;  and  also  for  Billroth' s  clinical  obser 
that  it   is  in  wounds  chiefly  discharging  decomposing  secretioi 
mixed  with  blood  that  erysipelas  is  most  likely  to  occur. 

The  most  frequent^/*//  of  entrance  of  the  virus  is  through  the 
wound,  and  from  this  point  it  spreads  rapidly  through  the  lymph- 
capillaries  of  the  surrounding  skin.  In  the  so-called  ''cases  of 
idiopathic  erysipelas  "  the  disease  was  supposed  to  develop  itself 
quite  independently  of  any  trauma,  but  even  in  these  cases  i 
difficult  to  imagine  that  some  minute  wound,  abrasion,  or  diseased 
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spot  on  the  surface  of  the  skin  may  offer  a  suitable  soil  for  the 
inoculation  of  the  microbe.  The  routes  taken  by  the  pyogenic 
cocci  in  producing  boils  and  carbuncles  could  readily  be  followed 
by  the  erysipelas  coccus.  The  disease  does  not  always  manifest 
itself  at  the  point  of  entrance,  but  it  may  appear  first  at  some  dis- 
tant portion  of  the  body,  thus  necessitating  transmission  of  the 
organism  through  the  circulation.  It  is  possible  that  the  lungs  or 
the  digestive  tract  may  allow  the  passage  of  the  microbe,  and  that 
the  infection  of  a  certain  locality  may  be  through  the  circulation 
instead  of  through  the  integuments.  Whether  a  slight  trauma 
ot  the  mucous  membrane  is  necessary  for  such  invasion  cannot 
be  decided,  It  is,  however,  highly  probable  that  healthy 
skin  offers  a  sure  protection  against  infection. 

The  clinical   evidence   of  the   contagiousness  of  erysipelas   is 

buudant.      Fortunately,  the  material  to  be  obtained  on   this  point 

belongs  to  a  period  that   has  already  passed.     The  occurrence  of 

erjiipclas  following  vac  dual  ion  has  at   certain  periods  become  so 

serious  and  so  frequent  a  complication  that  the  operation  has  for 

ime  being  been  abandoned.      This  was  the   case  in  Hoston  in 

the  winter  and   spring  of   1850.     In   the  records  of  the  Boston 

for  Medical  Improvement,   Morland,   the  secretary  states; 

ite,  however,  cases  have  multiplied  to  such  an  extent,  and  the  result 
bis  been  so  often  fatal,  that  many  members  of  the  society  have  refused  to 
e  except  when   it  has  been  absolutely  necessary,  and  have  almost 
given  up  revaccination." 
Cabot  reported  the  case  of  a  gentleman  sixty-nine  years  of  age  who  was 
revstccinated.  and  at  the  end  of  a  week  phlegmonous  erysipelas  developed, 
tse  invaded  the  chest  and  the  right  arm  as  well  as  the  left.  The  sup- 
puration was  severe  about  the  left  shoulder,  and  the  pectoral  muscle  was  thus 
•unrated  from  the  parietes  of  the  thorax.     Numerous  openings  were  made 
ibotitthe  elbov  and  shoulder  for  the  discharge  of  pus.     The  patient  was  con- 
fined to  his  bed  for  two  months.     Bigelow  reported  a  case  of  a  healthy  child 
nonths  old.     t  >n  the  eighth  day  there  was  taken  from  the  vesicle  matter 
with  which  he  vaccinated  three  other  children.     On  the  next  day  the  arm 
borne  erysipelatous,  and  the  child  died  in  a  few  days.    All  the  patients  vac- 
'■A  from  this  child  had  typical  vesicles  and  no  anomalous  symptoms. 
Bigelow  regarded  this  as  evidence  conclusive  against  the  transmission  of 
is  by  vaccination. 

5,  however,  has  no  doubt  that  in  many  cases  the  vac- 
cine lymph  has  conveyed  the  virus  of  erysipelas.     Barbieri  vac- 
cinated forty-nine  children  with  virus  from  a  child  who  bad  ery- 
sipelas at  a  distance  from  the  vesicle,  without  his  knowledge,  and, 
twenty-one  children  who  had  a  vesicle,  twelve  contracted 
his  and  four  died.     This,  however,  does  uot  prove  VV\aX  v\\c 
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vaccine  lymph  necessarily  contained  erysipelas  poison,  for  the 
points  may  have  become  infected  after  having  received  the  lymph. 
Whether  such  a  mode  of  transmission  of  erysipelas  cocci  is.  nos. 
sible  could  be  determined  only  by  a  series  of  experiments  in 
which  all  the  conditions  considered  necessary  lor  a  reliable  bac- 
teriological experiment  had  been  complied  with.  There 
doubt,  however,  that  inoculation  might  take  place  by  Dnckfl 
,  instruments,  so  that  the  pustule  might  become  infected  by  tbc 
virus  emanating  from  a  concurrent  epidemic  of  the  di>< 

The  close  relationship  of  erysipelas  and  puerperal  fever  has  long 
been  well  recognized,  and  it  is  of  especial  interest  in  view  of  the 
fact,  which  is  now  known,  that  both  these  diseases  are  caused  bv 
the  streptococcus  type  of  bacteria.     Dr.  O.  W.  Holmes,  in  a  paper 
on  the  contagiousness  of  puerperal   fever,  reports  an  epidemic  of 
that  disease  in  the  practice  of  a  physician  who  made  the  autopsy 
in    i  case  of  oedema  and  gangrene  of  the  thigh,  and   rece; 
injury  to  his  finger  which  confined  him   to  the  house.     S 
cases  of  erysipelas  occurred  in  the  house  where  the  autopsy  was 
performed,  and  two  of  the  nurses  who  cared  for  the  puerperal  cases 
died  of  erysipelas.     Stille  reports  the  experience  of  a  Philadelphia 
physician  who  had  95  cases  of  puerperal  fever  in  rapid  succession, 
and  of  the  children  born  in  these  cases  no  less  than  15  died  of 
erysipelas.     But  perhaps  the  most  striking  example  of  the  close 
relationship  of  the  two  diseases  is  the  following:  There  was  an 
epidemic  of  puerperal  fever  in   the   Hopital  St.   Louis  in  January 
and  February,  1861:  no  new  cases  could  be  admitted.     Th- 
peral  patients  already  in  the  hospital  were  transferred  to  a  denna- 
tological  ward,  while  the  patients  with  disease  of  the  skin- 
two  in  number — were  placed  in  the  puerperal  ward,  whereupon  an 
epidemic  of  erysipelas  broke  out  among  those  patients,  and 
of  them  died. 

The  question  of  the  transmission  of  the  disease  from  case  to 
has  been  much  discussed,  and,  although  the  conta 
sipelas  has  been  recognized  by  many  writers,  still  there  are 
authorities  to-day  who  are  not  prepared  to  accept  this  view 
says:  "The  question  of  the  contagiousness  of  this  disea^ 
yet  fully  settled.     Much  may  be  said  both  against  and  in  favor  of 
this  view.     My  own  opinion,  fouuded  on  considerable  expt 
is  that  the  affection  at  times  possesses  such  a  character.1' 
says:  u  But  direct  clinical  proof  is  also  abundant  that  er) 
itself  is  communicable  by  contagion/1     The  occurrence  of  several 
cases  of  the  disease  in  a  certain  locality  or  in  a  hospital 


t  who  nursed  him  fell  ill  with  the  disease;  a  second  farmer  who 
3  slept  with  these  two  individuals  was  taken  with  erysipelas;  sub 
six  other  persons  who  helped  to  nurse  these  cases  were  themselves 
No  other  cases  occurred  in  the  neighborhood  (Still€). 
ig  man  visited  an  intern  of  the  Lariboisiere  in  Paris  who  was  ill 
pelas ;  on  returning  to  his  home  in  Guise  he  was  taken  with  the 
id  died  in  thirteen  days.  His  servant  had  erysipelas-  A  relative, 
<1  him  from  a  distance,  two  days  after  his  return  home  was  taken 
vifealso  had  erysipelas,  and  likewise  three  neighbors  who  visited 
ng  their  illness.  A  relative  of  the  latter  who  came  from  a  neigh- 
lagu  to  see  them  was  the  next  victim;  also  three  Sisters  of  Charity 
id  them,  said  who,  on  their  return  to  the  convent,  infected  several 
rs.  The  physician  who  attended  these  cases  died  of  erysipelas,  as 
is  daughter.  Previous  to  this  time  there  had  been  no  cases  of  ery- 
any  of  these  localities 

i  the  common  experience  of  many  a  hospital  surgeon,  in 
it,  that  a  single  case  of  the  disease,  allowed  to  remain  in 
ward  of  a  hospital,  has  given  rise  to  no  other  cases.  Such 
hese  have  caused  many  to  doubt  the  theory  of  contagion, 
highly  probable  that  the  average  case  of  erysipelas  is  but 
ntagious.  There  are,  however,  undoubtedly  cases  which 
igious  in  the  highest  degree,  particularly  when  gangrene 
nonous  inflammations  occur  as  complications.  In  former 
eases  of  this  type  could  be  followed  from  bed  to  bed,  and 
ra  existed  a  certain  ward  or  some  bed  where  the  occupants 
erally  expected  to  have  the  disease. 
*  present  time,  when  antiseptic  dressings  isolate  a  patient 


it  is  that  in  the  winter  and  early  spring  months  this  disease  is 
likely  to  be  epidemic  than  at  other  seasons.  The  presence 
composing  materials  provides  a  soil  favorable  for  the  developm 
oi  the  cocci,  as  has  already  been  seen.  The  presence  of  any  dec 
ing  substance,  imperfect  drainage,  and  bad  hygienic  surroundii 
are  therefore  to  be  regarded  as  predisposing  causes  of  the  diseast 

So  far  as  age  is  concerned,  it  may  be  said  that  in  children  i 
disease  is  comparatively  rare.  Erysipelas  neonatorum  is,  howev 
frequently  epidemic  in  badly-arranged  lying-in  hospitals,  and  il 
usually  associated  with  puerperal  fever.  This  disease  does  i 
appear  frequently  during  old  age.  Whether  certain  constitutioi 
affections,  such  as  scurvy,  alcoholism,  diabetes,  and  tuberculos 
predispose  to  erysipelas  is  still  a  doubtful  question.  Some  indiv 
uals  have  frequent  attacks  of  the  disease,  and  they  are  supposed 
have  an  hereditary  disposition.  The  idea  that  persons  will] 
lymphatic  constitution,  or,  as  Heuter  suggests,  those  with  la' 
lymph-capillaries  and  broad  lymph-spaces  in  the  skin,  are 
susceptible,  is  certainly  suggestive. 

Attention  must  now  be  turned  to  the  symptoms  of  cry 
When  in  the  course  of  the  healing  of  a  wound  there  is  foun 
sudden  attack  of  febrile  disturbance,  ushered  in  usually  wit; 
chill,  which  has  been  ascribed  by  the  friends  or  the  attendants 
indigestion  or  to  gastric  disturbance  of  some  kind,  the  possibf/; 
of  an  attack  of  erysipelas  should  at  once  suggest  itself  Loi 
before  any  of  the  characteristic  local  conditions  about  the  vom 
are  noticed,  the  presence  of  prodromal  symptoms  make  themsdv 
manifest.  The  tongue  becomes  heavily  coated;  there  is  a  sense  < 
oppression  in  the  epigastrium,  with  malaise  by  day,  and  possib 
with  delirium  at  night.  There  may  also  be  noticed  occa- 
some  enlargement  of  the  lymphatic  glands,  particularly  those  lea 
ing  from  the  part,  indicating  the  route  through  which  the  absor 
tion  of  the  poison  is  taking  place.  A  day  or  two  may  pass  bcfo 
the  local  symptoms  appear.  In  the  mean  time  there  is  no  perctT- 
ible  change  in  the  condition  of  the  wound — certainly  not  enough 
account  for  the  constitutional  disturbance.  Occasionally  there  mi 
be  an  indisposition  so  slight  that  the  patient  is  hardly  conscious" 
it,  and  then  the  earliest  manifestations  noticed  are  in  the  woui 
itself. 

By  far  the  most  characteristic  feature  of  this  disease  is  i 
inflammation  of  the  skin.  The  local  inflammation  is  recogniz 
by  an  increased  feeling  of  tension  in  the  wound,  with  increas 
heat  and  usually  w\th  an  \te\\Y&^  ro  ^  bwrouvg  sensa: 
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erythema  often  seen  about  a  wound,  and  caused  by  hot  poultices, 
tjgfat  stitches,  or  by  other  irritating  features  of  the  dressing,  is 
easily  distinguished  from  erysipelas,  as  the  former  is  chiefly  hyper- 
emia, and   not   accompanied  by  exudation,   and   is   also   limited 
entirely  to  the  part  irritated.     Slight  pressure  will  show  that  there 
has  been  no  organic  change  in   the  tissues.     As   true  erysipelas 
develops  there  is  diffused  redness  and  swelling  more  or  less  uniform 
i  ti   the  centre,  but  at  its  edges  showing  a  zigzag  irregularity  of  out- 
I  i  xie  that  is  quite  characteristic,  one  writer  having  likened  it  to  the 
fc>iirned  edges  of  a  sheet  of  paper.     The  color  is  not  of  that  rosy 
tinge  which  pure  hyperemia  produces,  but  it  has  a  somewhat  more 
ci  nsky  hue.    There  is  mingled  with  the  red  a  yellowish  tinge  which 
l>eeomes  more  evident  on  pressure,  for  then  there  is  noticed  a  dis- 
1^1  net  yellowish  staining  of  the  skin  during  the  brief  moment  that 
tlie  blood  is  absent  from  the  capillaries.      Pressure  also  shows  that 
tliere  is  considerable  hardness  of  the  inflamed  part;  there  is  usually 
u.o  perceptible  pitting  on  pressure,  except  in  anatomically  loose  tis- 
sues like  the  eyelids  or  the  scrotum.     There  is,  in  fact,  a  picture 
of  inflammation,  of  a  very  superficial  character,  of  the  cutis  vera, 
^vith  an  exudation  of  considerable  amount  in  that  structure  and  in 
the  underlying  looser  tissues.     As  the  inflammation  increases  in 
severity  there  can  be  detected  with  a  lens  minute  vesicles  situated 
here  and  there  or  in  large  numbers.     Many  of  these  vesicles  run 
together  and  form  bullae  of  considerable  size,  which  are  filled  first 
with  a   clear    and   slightly   yellowish    serum    that    subsequently 
becomes  turbid  or  at  times  becomes  even  purulent     The  smaller 
ties  soon  dry  and  form  yellowish  or  brownish  scabs,  so  that 
during  the  resolution  of  the  inflammation  there  may*  be  consider- 
able desquamation. 

As  soon  as  the  local  inflammation  is  once  developed  it  shows  a 

tendency  to  spread  in  various  directions.     The  outline  continues  to 

be  well  marked,  aud,  as  has  been  shown,  it  is  strikingly  irregular 

or  rigzag,  this  peculiar  appearance  being  due  to  the  anatomical 

arrangement  of  the  lymph-channels  along  which  the  cocci  spread. 

The  general  direction  of  spreading  is,  when   on  the  extremities, 

ird  the  trunk;  when  on  the  face,  toward  the  scalp;  but  at  times 

route  which   the  disease  takes  when  starting  from   a   wound 

vary  greatly.     It  may  meander  over  a  great  extent  of  surface. 

The  writer  has  seen  it  invade  the  entire  surface  of  the  body.    Such 

forms  of  erysipelas  have  been  called  "wandering"  erysipelas  (a/tr- 

htlms  or  migrans).    The  disease  does  not  usually  remain  more  than 

three  or  four  days  in  any  one  place:  it  moves  along,  involving  rtei^lv- 
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boring  parts.    Occasionally  it  may  appear  at  a  distant  point,  and  it 
is  then  called  "metastatic;"  but  this  is  a  form  seen  chiefly  in  pye- 
mic complications  of  the  disease.     The  parts  originally  involve 
may  become   inflamed  a  second  time  after  the   inflammation 
passed  on  to  distant  regions.     This  tendency  to  recur  is  quite  ch 
racteristic  of  erysipelas.      Volkmann  says:   "  It  is  like  a  fire 
which  one  lias  no  control;   it  burns  on  wherever  it  finds  materia 
and  it  suddenly  breaks  out  afresh  in  a  spot  where  it  was  supp 
to  be  extinguished.'* 

The  duration  of  the  disease  is  from  one  to  two  week 
well  to  remember  that  there  is  always  a  tendency  to  reco\ 
might  even  be  called  a  "self-limited  M  disease.  As  the  inflamr 
tion  fades  away  there  is  an  abundant  desquamation;  the  swelling 
subsides,  and,  inasmuch  as  in  the  ordinary  typical  cases  of  erysipe- 
las there  is  no  suppuration,  there  is  a  complete  return  of  the  skin 
to  its  normal  condition.  But  even  after  the  disease  has  entirely 
disappeared  there  may  still  be  a  relapse  even  more  severe  than  the 
original  attack.  The  writer  remembers  the  case  of  a  lady  who  had 
erysipelas  during  the  healing  of  a  wound  from  amputation  of  the 
breast.  The  attack  was  severe,  but  she  entirely  recovered,  and 
four  months  later,  long  after  the  wound  had  healed,  a  second 
attack  occurred,  from  which  she  died.  There  may  be  repeated 
recurrences  :  Pirogoffsaw  from  six  to  eight  such  cases,  with  a  fatal 
termination  in  one  case.  Some  patients  have  what  is  called 
"habitual  erysipelas,'*  coming  on  at  certain  periods  of  the  \eiror 
occurring  always  on  certain  parts  of  the  body.  In  such  a  case 
there  is  usually  considerable  permanent  thickening  of  the  skin  and 
subcutaneous  tissue,  giving  rise  to  a  condition  resembling  ele- 
phantiasis. 

During  the  progress  of  the  attack  there  is  generally  a  more  or 
less  marked  chauge  in  the  condition  of  the  wound.     If  the  healii 
process  has  only  been  going  on  for  a  few  days  in  a  case  of  union 
by  first  intention,  the  wound  may  reopen  partially,  and  its  edg«* 
will  have  a  grayish,  sloughing  aspect     The  lips  of  the  wound  wi  11 
be  swollen,  and  a  thin,  serous,  purulent  fluid  will  exutl.  th*G5f 

times  the  healing  process  appears  in  no  wise  disturbed  during  tl 
attack.  In  open  granulating  wounds  the  closing  in  of  the  edg^* 
may  even  proceed  faster  than  before,  owing  to  that  so-calle< 
"curative"  or  stimulating  action  which  erysipelas  exerts  Bt.*' 
usually  the  granulations  lose  their  brilliant  color  and  become  dm  1 
and  glazed,  exuding  a  small  amount  of  thin,  sero-purulent  fluicS- 
Here  and  there  hemorrhagic  extravasations  are  noticed,  and  in  cc^ 


spots  the  granulations  lose  their  vitality  and  adhere  to  the 
ndasa  rind  or  diphtheritic  membrane.  In  deep  wounds  which 
in  the  early  stages  of  healing  considerable  sloughing  of  the 
crlying  connective  tissue  may  occur,  and,  if  important  vessels 
near,  there  may  be  some  danger  of  secondary  hemorrhage, 
h  a  complication  occurred  once  to  the  writer  after  ligature  of 
popliteal  artery  for  aneurism.  The  hemorrhage,  though  quickly 
>ped  by  the  nurse,  was  sufficient  to  prove  fatal  to  a  patient 
ady  exhausted  by  the  disease.  More  rarely  the  wound  may  be 
eked  by  true  hospital  gangrene,  but  such  a  complication  is 
emely  rare  at  the  present  time. 

The  constitutional  disturbance  which  accompanies  an  attack  of 
ipelas  is  usually  well  marked.  The  gastric  symptoms  and  the 
L  have  already  been  alluded  to.     With  the  chill  there  is  a  rapid 

of  temperature,  which  at  times  may  reach  as  high  as  1050  F. 
h  the  first  onset  of  the  inflammation  there  is  no  marked  retnis- 

of  the  fever,  a  slight  full  only  being  noted  in  the  morning. 
:  temperature  varies  in  a  most  erratic  manner,  corresponding 
.ty  closely  with  the  local  progress  of  the  disease,  but  the  tend- 
y  of  the  fever-curve  is  to  assume  the   remittent  type,  and  in 

later  stages  this  tendency  is  quite  marked  (Fig.  74).     With 
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Fig.  74. — Traumatic  Fever  followed  by  Erysipelas  in  a  case  of  Lithotomy. 


fesidence  of  the  erysipelas  there  will  be  a  defervescence  with 
*dy  return  to  the  normal  temperature,  but  occasionally  the 
rile  disturbance  continues,  although  the  local  inflammation 
disappeared.  There  is  usually  in  these  cases  a  considerable 
of  temperature  in  the  evening,  with  a  fall  to  the  normal  line 
ie  morning.     Such  cases  are  apt  to  experience  a  recurrence  of 
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the  local   inflammation,  and   it  is  the  writer's  habit   to  h.i 
patient   thoroughly    disinfected  and  removed  to  a  different  room, 
when   all   febrile  disturbance   speedily  subsides.      It   has  alw* 
seemed  to  the  writer  that  in  such  cases  there  took  place  a 
auto-inoculation  by  which  the  patient  was  reinfected  by  tin 
cocci  that  had  been  disseminated  through  the  clothing  and 
apartment 

After  a  severe  attack  of  erysipelas  the  defervescence  will  ofi 
be  followed  by  a  subnormal  temperature  lasting  at  times  for  a  wt 
or  two.     There  are,  however,  no  other  symptoms  of  collapse,  i 
such  a  temperature  is  probably  due  to  the  feeble  condition  iu  whi< 
the  patient  is  left. 

The  other  varieties  of  erysipelas  that  are  usually  recognized  i 
such  in  America  are  the  phlegmonous  and  the  facial. 

In  the  phlegmonous  variety  the,  disease  usually  begins,  as  in 
ordinary  form,  in  the  skin,  and   it  extends  subsequently  Ifl 
deeper  parts.      The  spreading  downward  of  the  process  is  usm 
indicated  by  an  increased  swelling  of  the  part.     The  skin 
more  tense  and  harder.    Vesicles  and  blisters  form,  which  are  son 
times  filled  with  a  bloody  fluid.    The  surrounding  parts  are  swcM 
and   cedematous.      In   the   mean   time   the   constitutiunal   distn 
ance  is  greatly  increased,  and  the  fever  is  more  continued  in  t 
and  at  times  is  of  a  typhoidal  character.     The   formation  of 
may  be  ushered  in  by  chills,  and  at  the  point  of  suppuration  | 
tense  tissue  will  become  soft  and  more  or  less  fluctuati 
incision  gives  vent  to  a  thin   and  discolored  pus  iu  wind 
found   shreds  of  sloughing  connective   tisa  There  does 

appear  to  be  a  circumscribed  collection  of  pus,  but  rather  tli 
is  a  purulent  infiltration  of  the  subcutaneous  connectiv> 
Large  masses  of  sloughing  tissue  are  eventually  discharged,  wh 
masses  have  been  likened  to  wads  of  wet  chamois-leather  or  to* 
blotting-paper.     Usually  several  incisions  are  necessary  to 
drainage  to  the  pus  and  ichor  and  the  masses  of  sloughing  t« 
In  the  milder  form  the  inflammation  is  usually  confined  to 
region  of  the  body,  as  the  leg  or  the  thigh  or  an  arm  and 
Occasionally,  however,  the  disease  assumes  a  more  malignant  t 
The  suppurative  process  spreads  between  the  muscles,  which 
be  dissected  away  from  the  adjacent  parts  for  a  considerable 
tance.    The  periosteum  may  be  attacked  and  the  bones  be  laid  ' 
to  an  extent  that  gives  rise  to  necrosis.   Ashurst,  Volkmann,  and  ( 
selin  describe  a  suppurative  synovitis  which  appears  to  be  can 
by  direct  invasion   of  the  joint  by  erysipelas  cocci.     The 
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such  a  complication  is  of  course  a  more  or  less  complete  disor- 
tnizatiou  of  the  joint,  and  when  more  than  one  joint  is  involved 
le  termination  of  the  case  could  hardly  be  otherwise  than  fatal. 

the  synovitis  occurs  late  in  the  disease,  when  other  symptoms 
e  subsiding,  the  patient  may  escape  with  ankylosis.  More  fre- 
jcutly  it  is  found  in  these  severe  forms  of  erysipelas  that  the 
uensity  of  the  inflammation  is  expending  itself  upon  the  skin, 
id  the  disease  then  assumes  the  gangrenous  type,  although  oeca- 
v  a  most  extensive  burrowing  of  pus  may  take  place  beneath 
ic  skin  without  involving  its  vitality.  Stille"  cites  such  an  instance 
rhere  the  skin  of  the  entire  abdomen  was  dissected  off  the  abdom- 
ul  muscles.  When,  however,  the  gangrenous  type  develops,  the 
tin  becomes  of  a  dusky  red  color  which  does  not  disappear  on  press- 
it.  Large  bullae  filled  with  bloody  serum  form,  which,  when  dis- 
barred, have  an  offensive  odor.  At  times  the  skin  may  become 
ladually  pale  and  white  or  marbled.  The  sloughing  process  will 
xtend  more  or  less  deeply,  and  fascial,  muscles,  or  arteries  will  be 
xposed  and  be  involved.  At  times  the  gangrene  will  be  limited 
DCtrtain  isolated  patches  of  skin  whose  vitality  has  been  impaired 
y  the  violence  of  the  inflammatory  process;  at  other  times  the 
ingrene  will  involve  large  areas  and  will  develop  at  an  early 
tage  of  the  inflammation.  The  tendency  to  form  pus  is  slight, 
nd  on  incising  the  parts  a  foul,  discolored  serum  will  ooze  from 
he  wound.  The  constitutional  symptoms  will  become  graver  at 
Ik  same  time.  Such  types  are  most  frequently  met  with  in  old 
utfjects  enfeebled  by  disease  or  by  intemperance,  or  in  young  chil- 
Iren  affected  with  tubercle.  They  are  found  also  in  the  course  of 
Ulignant  epidemics  such  as  occurred  in  1843  in  America. 

Some  of  the  malignant  types  of  inflammation  associated  with 

on  and  palmar  abscess  are  distinctly  erysipelatous  in  their  nature, 

id  are  caused  by  wounds  from  infected  instruments,  or  they  follow 

juries  received  during  the  handling  of  a  cadaver.     Medical  stu- 

re  occasionally  subjected  to  this  affection,  and  also  those 

:y  come  in  contact  with   meat  or  food  in  a  state  of  decom- 

:.  as  butchers  and  cooks.     The  inflammation,  starting  from 

light  prick  or  abrasion  on  the  finger,  spreads  rapidly  up  the  hand 

i  arm.     The  lymphatics  are  usually  at  first  involved,  as  indicated 

red  streaks  extending  up  the  inner  side  of  the  arm.     The  whole 

b,  however,  may  become  the  seat  of  an  acute  and  rapidly-ex- 
ding  inflammation.     The  tendency  to  suppuration  is  slight,  but 

amount  of  exudation  is  excessive,  and  the  cedema  may  spread 
fif  the  shoulder  and  chest.     Although  such  cases  would  not 
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be  classed  by  every  surgeon  in  the  category  of  erysipelas,  yet  Till- 
mans  regards  them  as  such,  owing  to  the  tendency  of  the  disease 
to  spread.     The  conditions  found  correspond  with  what  one  v 
expect  to  result  from  the  action  of  a  malignant  streptococcus  growth 
— namely,  rapid  spreading  with  slight  tendency  to  suppuration 
Such   cases   resemble   closely   the  so-called   "malignant  cedcii 
of  Pirogoff.     As  to  the  gangrene  ftmdroyantc  of  Maissonneuve, 
which  is  also  looked  upon  by  Tillmans  as  a  malignant  form  d 
erysipelas,  it  may  be  said  that  there  are  types  of  erysipelas  where 
there  occurs  extensive  sloughing  of  the  skin  as  well  as  of  the  parts 
beneath;  but  the  condition  of  rapidly  spreading  gangrene  of 
entire  limb  with  acute  putrefaction,  which  follows  injury  to  M 
vessels  or  nerves,  can  hardly  be  classed  with  erysipelas  merely 
cause  of  its  tendency  to  extend  itself  quickly  over  a  large 

The  acute  inflammations  of  the  fingers   and  hand,   alth 
usually  terminating  speedily  in   suppuration,   as  in    felon  or 
palmar  abscess,  may  occasionally  assume  a  distinctly  erysipel; 
type.     They  are  accompanied  with  great  pain  and  cons) 
disturbance,  the  patient  usually  seeking  relief  as  soon  as  posa 
and   they   should   be   promptly   dealt   with.      It   is   important 
remember  that  a  hand  or  even  a  life  may  be  saved  by  active 
fere  nee. 

In  the  case  of  a  laundress  such  an  inflammation,  involving  the  finger  I 
a  portion  of  the  back  of  the  hand,  was  immediately  arrested  by  free 
ions  a  few  hours  after  the  first  symptom  of  trouble  had  been  noticed 
pus  escaped,  but  a  turbid  serum  oozed  from  the  wounds. 

Inflammation  of  the   scrotum  and  penis  of  a  severe  type 
described    arising    independently    of    any    urethral    complies* 
The  liability  of  this  region  to  great  distention   in  acute  infi 
mations   would   make  it  a  favorite  seat  of  the  gangrenous 
of  erysipelas.     In  other  regions,  when  the  tendency  to  (edema  i 
great,  serious  complications  may  result.     In  a  case  of  erysipelas! 
the  face  and  neck  following  a  rhinoplastic  operation  the  swet 
of  the  neck  was  excessive,  and  pressure  upon  the  glottis  prodt 
a  dyspnoea  that  could  be  relieved  only  by  tracheotoi. 

Facia!  erysipelas  has  sometimes  been  called  "  idiopat'i 
elas,1'  the  idea  having  generally  prevailed  that  this  form  of 
disease  was  non-traumatic  in  origin.     Although  the  possibiltt 
an  infection  through  the  mucous  membrane  has  already  been 
sidered,  the  opinion  has  of  late  years  been  gaining  gron 
majority  of  cases  arise  from  some  slight  solution  of  com 
the  skin  itself.     It  may  even  happen  that  at  the  moment  of 
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dng  out  of  the  disease  the  little  wound   may  have  already 

Jed,  and  the  erysipelas  takes  its  origin  from  the  germ  contained 

I  llie  freshly-formed  cicatrix.     The  attack  is  usually  ushered  in 

rith  a  chill  which  is  sometimes  of  great  severity,  but  the  presence 

[enlarged  glands,  which  may  appear  before  the  blush   upon  the 

kia,  is  considered  quite  characteristic.     The  most  frequent  point 

[departure  of  the  inflammation  is  the  root  of  the  nose.      Accorcl- 

;  to  Raynaud,  the  spot  where  erysipelas  first  appears  is  one  of 

lachrymal  ducts,  through  which  the  disease  emerges  from  the 

sponding  nasal  fossa,  which  is  endowed  with  lymphatic  ves- 

emptying  themselves  into  the  submaxillary  lymphatic  glands. 

jer  the  circumstances  one  would  expect  to  find  the  lymphatic 

ids  enlarged  and  painful. 

Starting  from  the  bridge  of  the  nose,  the  inflammation  spreads 

illy  across  the  cheeks  toward  the  ear,  rarely  involving  the  tip 

the  nose.      It  is  said  to  have  a  preference   for  the  right  cheek. 

characteristic  irregular  outliue  marks  its  progress  as  it  gradu- 

spreads  over  one  or  both  cheeks  and  finally  involves  the  entire 

The  color  is  a  scarlet-red,  tense  and  shining,  shading  off* 

a  darker  hue  at  the  ears.     The  eyelids  are  the  seat  of  an 

latous  swelling  which  completely  closes  them,  and  the  expres- 

of  the  face  is  so  changed  as  to  render  the  latter  unrecogniz- 

The  nostrils  are  obstructed  so  that  the  patient  is  confined  to 

ith- breathing.    The  swelling  of  the  ears  is  also  sufficiently  great 

impair  the  hearing.     The  chin  is  rarely  involved,  this  being 

mted  for  by  the  fact  that  the  lymph-stream  carries  the  virus 

the  upper  lip  directly  to  the  submaxillary  region.     The  sur- 

of  the  skin  is  roughened  by  the  presence  of  minute  vesicles 

.  may  run  together  and  form  bullae  whose  contents  may  at  times 

►mixed  with  blood  or  with  pus.     The  inflammation  may  involve 

anion  of  the  neck,  but  more  commonly  it  invades  the  scalp,  in 

region  the  color  is  much  less  marked,  and  might  be  over- 

;ed  when  the  hair  is  abundant.    There  is,  however,  considerable 

tiling,  pressure  is  painful,  and  the  glands  at  the  back  of  the  neck 

I  enlarged  and  sensitive  to  the  touch. 

In  aggravated  form  of  the  disease  will  be  accompanied  with  a 
!  temperature  which  is  more  or  less  characteristic.     During  the 
stages  of  the  inflammation  the  pyrexia  will  be  of  the  con- 
type  with   slight  evening  exacerbations,  the  temperature 
ring  from  1030  to  1040  F.     At  the  end  of  four  or  five  days  there 
be  a  defervescence  which  is  usually  quite  rapid.     Before  the 
iture  becomes  normal,  however,  there  will  be  one  or  mote. 
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exacerbations  which  are  caused  by  local  outbreaks  of  e: 
During  the  height  of  the  fever  there  is,   in  most  cases  of 
variety,  more  or  less  delirium,  which  is  explained  in  the  inajo 
of  cases  by  an  irritation  of  the  cortical  substauce  of  the 
due  to  reflex  nerve-action  or  disturbance  of  the  \  nsomoti 
tern,  Of  by  the  sepsis  which  causes  the  fever.    The  extension  j 
disease  to  the  scalp  is  accompanied  by  an  aggravation  of  the 
symptoms,  but  it  is  rare  that  any  pathological  changes  are  found  i 
the  brain  or  its  meninges  to  account  for  them.     Suppurative 
ingitis,  when  it  exists,  is  usually  caused  by  direct  extensii 
erysipelas  into  the  orbit — a  locality  where  abscess  may  occur- 
rence by  a  continuation  of  the  suppurative  process  to  the 
branes  through  the  orbital  fissure.     The  delirium,  therefore,  is  | 
necessarily  a  dangerous  symptom,  and  ordinarily  it  disappears  j 
the  subsidence  of  the  fever. 

The  tendency  of  the  inflammation  to  involve  the  tissues  of  1 
orbit   is  a   characteristic   symptom   of  the  graver   form 
erysipelas-     The  distention  of  the  eyelids  is  so  great  as  to  cause, i 
rare  cases,  gangrene.     Considerable  disturbance  of  vision  may] 
caused  by  conjunctivitis,  by  congestion  of  the  sclerotic,  b^ 
ness  of  the  cornea,  and  by  oedema  in  the  orbit,  but  the 
symptom  will  disappear  with  the  subsidence  of  the  inflamras 
If  there  is  deep-seated  pain  and  protrusion  of  the  eyeball,  with  i 
turbed  or  complete  loss  of  vision,  an  extension  of  the  erysif 
to  the  eye  itself  may  be  feared.      Blindness,  which  is  occasic 
seen  as  the  result  of  facial  erysipelas,  is  caused  by  atrophic  I 
eration  of  the  optic  papilla  or  by  panophthalmitis  with  suppur 
and  destruction  of  the  eye  itself. 

Erysipelas  neonatorum,  which  is  a  very  fatal  trial  ad  > 
observed  outside  of  hospitals.     The  close  connection  between 
disease   and    puerperal    fever  has   already  been   alluded   to. 
period  at  which  it  is  most  frequently  seen  is  at  the  time  of 
tion  of  the  umbilical  cord,  and  it  is  from  the  granulating 
of  the  stump  that  it  takes  its  origin.     At  first   there  is  but 
fever,  and  the  slight  blush  about  the  navel  or  the  pube*- 
regarded  as  an  unimportant  symptom.     The  skin,  howev 
becomes  a  brighter  red,  and  the  subcutaneous  cellular  tissue  j 
indurated  and  swollen.     The  next  day  the  inflammation  hassjl 
to  the  genitals  and  the  thighs,  below  and  over  the  abdomen, 
constitutional  symptoms  now  become  strongly  marked:   the 
high  fever  with   great  prostration;   the  child  cries,   and  tl 
great  restlessness.     The  skiu  in  the  later  stages  may  become  { 
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Tenons,  or  phlegmonous  inflammation  may  occur.  Finally,  the 
atient  falls  into  a  state  of  collapse,  and  succumbs  to  the  disease 
o  the  sixth  or  the  tenth  day.  Inflammation  of  the  tissues  and  the 
ivel  is  well  marked.  There  may  be  found  both  periarteritis  and 
eriphlebitis.  The  tendency  of  the  arteries  to  become  involved  is 
ae  to  the  great  thickness  of  the  periadventitial  tissue,  which  is 
early  double  that  seen  in  the  veins.  The  inflammation  extends 
>  the  point  at  which  the  hypogastric  arteries  are  reflected  upon  the 
alls  of  the  bladder.  When  phlebitis  occurs,  it  will  extend  along 
le  walls  of  the  veins  and  into  the  liver.  Pus  may  be  found  in  the 
irrounding  cellular  tissue,  and  peritonitis  may  also  be  a  com  plica- 
on,  and  even  the  pleura  may  be  atTected.  A  peculiar  sclerosis  of 
le  cellular  tissue  of  the  affected  parts  has  been  described,  particu- 
of  the  lower  extremities  and  the  pubes.  Patches  of  brown 
ad  discolored  skin  mark  the  seat  of  this  lesion,  but  the  question 
ther  this  affection  is  to  be  regarded  as  a  complication  of  gen- 
erysipelas  is  considered  by  Tillmans  as  doubtful. 

pelas  is  found  not  only  in  the  skin,  but  occasionally  also  in 

mucous  membranes.     Attention  has  already  been  called  to  the 

that   nasal  erysipelas  is  one  of  the  most  frequent  points  of 

re   of  facial  erysipelas.     Raynaud   states  that  the  advent 

he    latter  affection    may   be    foretold   by  the   swelling   of  the 

rymal    duct    caused    by    the    passage    of    the    inflammation 

h    that    canal.      When    the    pharynx    is    involved    there    is 

in    the   beginning  a  marked   enlargement  of   the   submaxil- 

and  cervical   glands.     There  is  a  burning   sensation    in    the 

t,    with  dryness  and   a  tendency  to  dyspnoea  or  difficulty  in 

Mowing.     The  color  of  the  throat  is  a  dark  red,  diffused  or  in 

toes,  and  the  swelling  is  considerable,  involving  more  or  less 

tonsils.     Later,  vesicles  form,   which   vesicles  soon  break  and 

ate  a  serous  or  sero-purulent  liquid,  leaving  behind  little  yel- 

ish -white  patches  which  are  easily  removed.     The  disease  lasts 

or  six  days.     Occasionally  the  throat  may  become  the  seat  of  a 

nous  or  diphtheritic  inflammation,   or  there  may  form  an 

somewhat  similar  to  the  retropharyngeal  abscess.     In  some 

there  is  an  extension  of  the  inflammation  to  the  mouth,  the 

tgne  in  this  event  becoming  more  or  less  swollen.     In  malignant 

miCS,  such  as  that  described  as  occurring  in  1842  in  America, 

enormous  swelling  of  this  organ  gave  rise  to  the  name  given  to 

epidemic  itself — u  black  tongue. n 

The  inflammation  may  make  its  way  from  the  pharynx  through 
Eustachian  tube  to  the  externa}  auditory  canal  and  t\\e\\ee  \.o 
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the  head  and  scalp.  The  mucous-membrane  inflammation  may 
also  be  secondary  to  the  facial  erysipelas,  the  disease  flnding  its  way 
in  through  the  mouth,  nose,  lachrymal  duct,  or  auditory  canal. 

The  disease  does  not  stop  at  the  pharynx,  but  may  extend  down  | 
far  as  the  glottis;  it  usually  stops  here,  and  only  occasionally  extends 
and  gives  rise  to  oedema  of  the  glottis.  Such  a  complication  is  of 
course  nearly  always  fatal.  Finally,  the  inflammation  may  be 
traced  as  far  as  the  lungs,  in  which  case  all  the  symptoms  of  pneu- 
monia may  develop.  Trousseau  described  erysipelatous  pneumonia, 
or  pneumonia  migrans,  which  differs  from  the  common  form  in 
involving  an  entire  lobe,  but,  beginning  insidiously  and  involving 
a  circumscribed  area,  it  moves  from  place  to  place,  an  apparent 
resolution  taking  place  in  the  parts  successively  involved,  until  the 
entire  lung  becomes  affected,  and  even  double  pneumonia  may 
result.  This  form  runs  its  course  slowly,  and  there  are  frequent 
improvements  with  relapses.  Raynaud  does  not  accept  the  iden 
of  this  form  with  true  erysipelas  unless  a  distinct  extension  of  the 
disease  from  the  skin  or  the  mucous  membrane  has  taken  place. 
Without  a  coexisting  erysipelas  it  would  not  be  justifiable  to  make 
such  a  diagnosis. 

That  erysipelas  may  involve  the  female  genitals  has  already 
been  shown.  The  rectum  is  occasionally  also  the  seat  of  the  dis- 
ease by  extension  from  the  nates.  The  writer  had  an  opportr. 
of  observing  this  form  in  a  case  of  cancer  of  the  rectum,  the  dis- 
ease breaking  out  after  a  digital  examination.  Both  nates  were 
extensively  involved.  Complete  relief  of  the  symptoms  of  stric- 
ture followed,  and  an  examination  later  showed  that  the  cancerous 
mass  had  disappeared.  Unfortunately,  there  was  eventually  a 
return  of  the  carcinoma. 

The  principal  anatomical  seat  of  the  disease  is  in  the  ski 
this  organ  be  examined,  the  cells  of  the  epidermic  layer  will 
found  much  swollen  or  raised  up  by  fluid  in  the  form  of  blisters. 
The  cells  of  the  rete  are  enlarged  and  swollen,  and  there  is  a  serous 
infiltration  of  the  lining  membrane  of  the  hair- follicles  and  tl 
sweat-glands.  In  the  upper  layers  of  the  true  skin  there  is  a  rich 
capillary  network  of  lymphatic  vessels,  and  this  region  is  the  prin- 
cipal seat  of  the  coccus  growth.  The  cocci  are  seen  crowding  these 
capillaries  and  spreading  also  into  the  connective-tissue  spaces. 
The  bacteria  are  most  numerous  near  the  margins  of  the  erysipe- 
latous blush.  In  the  neighboring  parts,  which  have  not  yet  been 
attacked,  cocci  are  more  or  less  numerous  in  the  lymphatics  of  the 
skin,  and  even  in  the  subcutaneous  tissue.     Near  the  red  border 
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they  have  already  reached  their  highest  degree  of  development. 
The  lymphatics  are  so  crowded  here  with  cocci  that  the  leucocytes 
are  not  visible.  The  cocci  may  also  be  found  between  the  bundles 
of  connective-tissue  fibres.  Within  the  border-line  there  are 
greater  hyperemia  and  exudation  of  leucocytes,  which  are  seen 
emigrating  from  the  blood-vessels  in  large  numbers.  Proliferation 
fie  cells  of  the  connective  tissue  is  also  going  on,  but  these 
cells  do  not  appear  to  take  any  active  part  in  the  process.  Nearer 
the  centre  of  the  diseased  area  the  cocci  are  no  longer  to  be  seen, 
but  the  inflammatory  exudation  has  reached  its  highest  point.  The 
vesicles  on  the  surface  are  filled  with  a  turbid  serum,  but  the  cocci 
are  seen  here  only  in  small  numbers.  When  the  growth  of  the 
cocci  is  unusually  active  the  surrounding  tissue  undergoes  necrosis 
and  minute  abscesses  may  form.  Undoubtedly  many  such  abscesses 
develop,  and  they  are  subsequently  absorbed  without  any  external 
indication  of  their  presence.  In  the  more  malignant  types  of  ery- 
sipelas suppuration  occurs  on  a  larger  scale,  and  it  is  probable  that 
this  process  is  due  to  the  activity  of  the  erysipelas  cocci,  which 
occasionally  seem  to  possess  true  pyogenic  qualities.  After  an 
active  growth  in  various  directions  the  organisms  cease  to  continue 
their  development,  and  the  further  progress  of  the  disease  is  thus 
arrested. 

The  micrococci  are  not  found  in  the  capillary  blood-vessels  of  the 
affected.  That  a  certain  number  of  them  find  their  way  into 
the  circulation  has  been  abundantly  proved.  The  reason  why 
metastatic  foci  of  inflammation  are  not  thus  established  is  to  be 
found  in  the  fact  that  after  leaving  the  original  seat  of  their  devel- 
opment the  organisms  are  speedily  destroyed. 

licrococci  are  occasionally  found  in  distant  organs 
ad  in  the  enlarged  glands.  Although  bacteria  are  found  in  the 
blood  only  in  small  numbers,  the  peculiar  changes  seen  in  the 
blood-corpuscles  have  been  attributed  by  Heuter  and  others  to 
the  presence  of  the  micro-organisms.  The  precise  reason  for 
these  changes  is  not  yet  clear.  The  red  blood-disks  assume  a 
peculiar  crenated  appearance.  They  not  only  shrink,  but  readily 
dissolve  and  run  together,  looking,  as  Stills  says,  like  streams  of 
yellow  fluid  crossing  the  microscope.  Fatal  hemorrhages  occurring 
during  the  progress  of  the  disease  have  been  ascribed  to  this  condi- 
tion of  the  blood.  The  white  corpuscles  are  usually  increased  in 
number.  Endocarditis  may  occur,  involving  the  bicuspid  and 
mitral  valves,  and  also  pericarditis.  A  slight  systolic  murmur  is 
frequently  heard,  which  usually  disappears  with   the  erysipelas. 
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The  condition  of  the  heart-action  may  largely  be  dtiC  to  the  state 
of  the  blood  and  to  some  fatty  degeneration  of  the  muscular  tissue. 
Fatty  degeneration  of  the  diaphragm  is  sometimes  also  noticed. 

The  gastric  disturbance  so  characteristic  of  this  disease  il 
explained  by  any  well-marked  local  changes.  It  is  probably  due 
to  the  general  septic  condition  of  the  system.  Ulcerations  of  the 
small  intestines,  such  as  are  seen  following  extensive  burns,  are 
occasionally  found.  They  are  probably  of  catarrhal  origin,  and 
may  be  the  cause  of  the  bloody  diarrhoea  which  is  occasionally 
observed. 

The  cerebral  symptoms  which  occur  in  facial  erysipelas  would 
lead  one  to  expect  marked  changes  within  the  cranial  cavity;  but 
this  is  not  the  case.  The  brain  and  the  membranes  in.iv  be  some- 
what hypersemic  and  cedematous,  and  the  large  sinuses  and  the 
veins  may  be  filled  with  dark  serous  blood  and  thrombi  in  a  lim- 
ited number  of  cases.  Suppurative  meningitis,  which  is  extren 
rare,  results  from  the  invasion  of  a  phlegmonous  inflammation 
through  the  orbit.  % 

Among  the  other  material  changes  may  be  noted  enlargem- 
of  the  spleen,  parotitis,  and  cloudy  swelling  of  the  kidneys.  Neur- 
itis may  be  found  in  rare  cases  in  the  nerves  of  the  parts  affected, 
which  affection  may  give  rise  to  muscular  contractions.  In  grave 
cases,  when  pyaemic  infection  has  become  a  complication,  there 
may  of  course  be  found  the  numerous  pathological  changes  lesnlt- 
ing  from  sepsis. 

The  curative  influence  of  erysipelas  when  it  occurs  in  the 
course  of  other  chronic  diseases  has  already  been  mentioned. 
Occasionally  the  wound  itself  will  seem  to  heal  more  rap 
and  the  granulations  to  have  a  more  ruddy  and  vigorous  appear- 
ance than  existed  previous  to  the  attack.  Chronic  inflammations^ 
of  the  skin,  particularly  those  of  a  tuberculous  or  syphilitic  cha  — 
racter,  have  been  known  to  yield  to  an  attack  of  erysipelas  tha.t. 
resisted  all  kinds  of  treatment.  Volkmanu,  Grivet,  and  other 
report  quite  a  number  of  cases  of  lupus  permanently  cured  in 
this  way.  Chronic  ulcers  of  the  leg  have  been  stimulated  t.o 
heal,  and  also  old  sinuses  connecting  with  joints  or  bones,  Tl 
therapeutic  use  of  the  products  of  the  organism  will  be  dii 
elsewhere.     (See  Appendix.) 
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Raynaud  reports,  in  Rieord's  clinic,  a  case  of  phagaedenic  chancre  wh  \tb 
for  two  years  resisted  all  kinds  of  treatment.  Finally,  Etfcofd  --uglJttsX^l 
that  an  attempt  be  made  to  bring  on  erysipelas.  All  kinds  of  irritat^^j 
dressings  were  tried  in  vain,  as  well  as  charpie  saturated  with  pus. 


months   later,   erysipelas  appeared    spontaneously,   and    the    chancre    was 
healed  in  a  few  days. 

Old  neuralgias  often  improve  after  an  attack  of  erysipelas,  and 
likewise  in  the  insane  a  temporal*)'  improvement  has  been  observed. 
The  disappearance  of  tumors  has  been  frequently  noticed.  The 
writer  has  already  called  attention  to  a  case  of  cancer  of  the  rec- 
uim  in  which  the  growth  melted  away  before  an  attack  of  erysip- 
elas. Tilhnans  and  Coley  have  collected  a  number  of  cases  of 
sarcoma  cured  in  this  way.     (See  Sarcoma.) 

A  woman  forty-three  years  old,  having  a  sarcoma  the  size  of  an  apple  on 
lite  left  cheek  and  two  other  sarcomatous  nodules  on  the  face,  was  operated 
upon  by  W.  Busch  for  the  removal  of  ■  lobe  of  the  larger  tumor.  Two  days 
later  erysipelas  appeared  and  considerably  diminished  the  size  of  the  tumors; 
after  a  relapse  they  disappeared  entirely. 

A  man  twenty-eight  years  of  age.  having  a  large  incurable  lympho-sar- 
coma  of  the  left  side  of  the  neck  extending  from  clavicle  to  parotid,  after 
entering  the  hospital  had  facial  erysipelas  which  involved  the  neck.  During 
ulness,  which  lasted  eight  days,  the  growth  diminished  one-half  in  size. 
Two  days  later  the  patient  died,  and  at  the  autopsy  an  extensive  fatty  degen- 
eration of  the  cells  of  the  tumor  was  observed. 

The  observation  made  in  the  latter  case  probably  explains  the 
process  by  which  absorption  takes  place.  The  feebly  resisting 
power  of  the  diseased  cells  renders  them  less  able  to  resist  the 
action  of  the  micro-organism.  It  must  not,  however,  be  supposed 
that  erysipelas  always  has  this  effect  upon  morbid  growths  on  the 
surface  of  the  body.  The  writer  has  more  than  once  seen  epi- 
thelial ulcers  of  the  face  which  had  passed  through  an  attack 
of  the  disease  with  their  vitality  unimpaired. 

The  diagnosis  of  erysipelas  is  usually  not  difficult  when  the 
inflammation  of  the  skin  is  fully  developed,  lu  the  early  stages, 
however,  before  the  local  symptoms  appear,  there  is  no  sure  guide. 
Gastric  symptoms  with  febrile  disturbance  which  cannot  be  ac- 
counted for  after  careful  examination  of  the  patient  strongly  sug- 
gest the  near  approach  of  erysipelas.  Enlargement  of  the  glands 
adjacent  to  the  part  affected  is  usually  alluded  to  as  an  important 

i  but  it  would  not,  in  the  writers  opinion,  be  wise  to  rely 
upon  a  rnere  enlargement  unless  the  swelling  be  manifestly  acute 
and  be  accompanied  with  indications  of  an  adjacent  skin-inflam- 
mah 

The   erysipelatous   blush    is    sufficiently   characteristic.      The 

doughy  swelling  of  the  skin,    the  yellow   infiltration,    and    the 

peculiar  zigzag   outline   slightly   raised   above   the   level   of    the 

adjacent  healthy  skin  are  all  sufficiently  constant  to  avoid  con- 
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fusion  with  erythema,  with  inflammation  due  to  abscess  in  the 
wound,  or  with  irritation  from  tight  stitches.  In  abscess  there 
should  be  a  rise  of  temperature,  but  in  the  other  conditions  the 
constitutional  disturbance  would  probably  be  so  slight  as  to  show 
clearly  their  nature.  There  may  be  some  difficulty  in  recogniz- 
ing erysipelas  in  certain  regions,  as  in  the  scalp.  The  presence  of 
inflammation  on  the  face  or  the  ears,  together  with  enlargement  of 
the  occipital  glands,  will  then  help  to  establish  the  diagnosis. 

The  difference  between  phlegmonous  cellulitis  and  phlegmonous 
erysipelas  is  one  which  in  some  countries  is  not  recognized  at  all, 
and  in  general  it  is  regarded  difficult  to  distinguish  between  ihem 
The  cellulitis  usually  starts  from  a  severe  wound,  owing  to  the 
failure  of  antisepsis  in  the  early  stages  of  the  healing  process. 
The  most  frequent  example  is  that  accompanying  compound  frac- 
ture. The  inflammation  in  this  case  is  essentially  deep-seated,  and 
the  skin  is  not  the  seat  of  a  distinct  and  independent  inflammation, 
but  it  is  involved  only  to  such  an  extent  as  could  be  accounted  for 
by  the  inflammation  of  the  deeper-seated  cellular  tissues.  The 
appearance  of  the  suppurating  tissues  shows  less  tendency  to  gan- 
grene in  cellulitis  than  in  erysipelas. 

The  prognosis  of  erysipelas  is,  on  the  whole,  favorable.     After 
a  few  days  of  inflammation  there  is  a  marked  tendency  to  resolu- 
tion.    The  experience  of  different  surgeons  and  physicians,  bov* 
ever,  varies  greatly.     Stille  never  met  with  a  fatal  case  of  facial 
erysipelas  where  supporting  or  palliative  treatment  had  been  tried. 
He  had,  however,  seen  it  fatal  when  evacuant,  sedative,  or  altera- 
tive measures  had  been  employed.     Trousseau  and  Chorael,  both^ 
of  whom  had  a  large  experience  in  medical  erysipelas,  had  hardl 
ever  seen  a  fatal  case  of  the  disease.     Gosseliu,  however,  had 
mortality  of  20  per  cent,  in  facial  erysipelas.     In  surgical  ervsipe 
las  it  was  as  high  as  43  per  cent.     This  is  certainly  an  unfavorabl  n 
showing — far  more  so  than  the  experience  of  the  majority  of  su* 
geons  of  to-day  would  give.     The  sanitary  surroundings  of  th» 
hospital  patient  were  probably  far  inferior  to  what  they  are  ^ 
present,   and  it  is  possible  that  many  of  these   cases   may  hat 
occurred  during  the  period  of  an  epidemic,  which  always  exerts 
an  unfavorable  influence  upon  the  prognosis  of  the  disease. 

The  nature  of  the  wound  is  supposed  to  be  a  factor  in  the  que* 
'inn  of  mortality.  Large  or  fresh  wounds  are  considered  as  more 
likely  to  be  followed  by  graver  forms  of  the  disease  than  small  or 
granulating  wounds.  If  the  disease  attacks  the  mucous  membrane, 
as  in  the  throat,  it  will  probably  be  severe;  if  the  vagina  is  the 


point  of  origin,  as  in  puerperal  cases,  there  may  be  reason  to  fear 
pysemia  or  septicaemia.  The  deeper-seated  types  of  the  disease, 
such  as  the  phlegmonous  or  the  gangrenous,  have  undoubtedly  a 
higher  mortality  than  the  cutaneous  forms. 

In  individuals  enfeebled  by  long-standing  suppuration,  and  in 
alcoholic  subjects,  the  disease  will  prove  a  formidable  complica- 
tion.    The  same  may  be  said  of  a  number  of  organic  diseases, 
such  as  diabetes  and  Bright*s  disease.     For  similar  reasons  youth 
and  old  age  are  periods  of  life  when  the  patient  is  less  resistant  to 
its  influences  than  when  iu  the  prime  of  life. 

Velpeau  said  that  the  disease  was  not  dangerous  in  itself,  but 
only  through  its  complications,  and  in  this  opinion  the  writer's 
experience  would  lead  him  to  agree.  Secondary  hemorrhage  and 
cedema  glottidis  have  led  to  a  fatal  termination  in  two  cases  which 
might  otherwise  have  recovered.  Even  a  mild  form  of  the  disease, 
without  complications  of  any  kind,  may  carry  off  an  aged  person. 
As  a  rule,  however,  it  may  be  said  that  erysipelas  is  in  the  large 
majority  of  cases  a  mild  disease,  and  one  which  has  a  strong  tend- 
ency to  get  well  of  itself,  quite  independently  of  treatment.  The 
I  experience  of  fatal  cases  has  been  exceedingly  small,  and 
since  the  antiseptic  system  has  been  so  highly  perfected  in  all  its 
the  cases  that  do  occur  seem  to  run  a  milder  course.  At 
the  present  time  the  hospital  surgeon  has  only  to  dread  those  cases 
which  are  imported  into  the  hospitals,  and  which  occur  usually  in 
neglected  and  enfeebled  subjects.  The  cases  of  facial  erysipelas 
which  the  writer  has  met  with  in  private  practice  have  nearly 
always  been  severe.  The  fever,  the  facial  deformity,  and  the  cer- 
ebral symptoms  make  a  formidable  group.  The  writer  does  not 
remember,  however,  to  have  seen  but  one  fatal  case. 
The  irmtmcnt  of  erysipelas  may  be  divided  into  local  and  con- 
nal.  Of  the  latter  form  there  has  always  existed  two  prin- 
cipal varieties,  which,  in  general,  may  be  divided  into  supporting 
and  depletive.  Depiction  is  an  inheritance  from  ancient  times, 
when  venesection,  emetics,  and  purgatives  were  the  fashion.  The 
object  of  bloodletting,  and  the  reason  that  it  at  one  time  became  a 
more  or  less  popular  treatment  in  the  disease,  was  the  effect  pro- 

(duced  upon  the  circulation'of  the  brain  and  the  consequent  relief 
{pven  to  cerebral  symptoms.  It  may  have  acted  also  as  a  ready 
method  of  eliminating  the  virus  from  the  system,  although  the 
number  of  cocci  found  in  the  circulation  is  not  sufficiently  large,  so 
iaras  our  knowledge  at  present  goes,  to  enable  one  to  say  that  they 
would  be  removed  in  any  considerable  number  iu  this  way.     It  can 
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be  conceived  that  occasionally  the  conditions  existing  in  a  particu- 
lar case  would  justify  venesection.  In  a  case  of  facial  erysipelas  in 
a  plethoric  individual  with  violent  delirium  a  resort  to  this  mode 
of  treatment  might  be  justifiable,  but  the  surgeon  should  hesitate 
to  advise  it  in  other  than  exceptional  cases.  Apart  from  the 
sible  infection  at  the  point  of  puncture,  and  the  possibility  of  the 
formation  of  a  septic  thrombus,  the  danger  of  lowering  the  vitality 
in  a  disease  which  not  infrequently  has  a  typhoidal  tendency  is  not 
lightly  to  be  regarded. 

Emetics  are  now  so  raTely  given  for  any  disease  that  it  seems 
hardly  necessary  to  say  a  word  about  them.  They  may,  however, 
be  classed  with  cathartics  as  a  method  of  eliminating  the  virus,  for 
it  is  probable  that  the  only  benefit  that  could  be  derived  from  a 
cathartic  would  be  this.  A  laxative  might  be  given  at  the  outset 
if  there  is  reason  to  believe  the  bowels  are  overloaded.  Caution 
should  be  observed  in  this  disease  to  avoid  any  form  of  treatment 
that  would  act  in  a  depressing  way  upon  the  system,  and,  as  a  rule, 
it  would  be  prudent,  therefore,  not  to  adopt  any  of  the  measures 
which  have  just  been  alluded  to. 

A  great  variety  of  internal  remedies  have  been  suggested  that 
were  supposed  to  possess  special  virtues  in  this  afTectinn,  the  most 
prominent  of  these  being  iron.  By  English  writers  iron  ha- 
times  been  regarded  as  almost  specific  in  its  action.  It  was  first 
recommended  by  Hamilton  Bell,  who  gave  25  drops  of  the  tincture 
of  the  chloride  of  iron  every  two  hours  day  and  night.  The  theory 
of  the  action  of  iron  is  probably  based  upon  the  influence  which  the 
cocci  are  supposed  to  have  upon  the  red  corpuscles.  The  readiness 
with  which  they  assume  a  creuated  or  shrunken  appearance  has 
been  ascribed  to  the  loss  of  haemoglobin  removed  from  them.  Iron 
is  also  supposed  by  Stille*  to  have  a  constricting  action  upon  the 
blood-vessels. 

A  large  number  of  English  writers  endorsed  the  treatment  of 
Bell,  but  in  all  the  latest  publications  the  writer  finds  the  statement 
of  Pick  quoted,  that,  although  he  has  used  it  in  drachm  doses  even- 
two  hours,  he  has  failed  to  obtain  any  benefit  from  it.  In  the 
writer's  experience  iron  has  not  seemed  to  have  exerted  any  special 
action  upon  the  disease,  although  he  has  not  given  it  in  so  frequent 
doses  as  is  advised  by  the  English  school.  Iron  has  received  endorse 
ment  from  other  nations  as  well  as  England,  both  French  and  Ger- 
man writers  having  used  it  with  satisfactory  results.  Stille"  also 
gives  the  drug  his  endorsement,  although  he  believes  the  measure 
of  its  utility  is  not  always  the  same.     It  seems  to  him  best  adapted 


ID  the  less  sthenic  forms  of  the  disease  or  to  those  cases  where 
marked  debility  is  present.  Cerebral  symptoms  do  not  appear  to 
eoutraindicate  its  use. 

Pirogoff  strongly  recommends  camphor:  he  finds  immediate 
results  on  the  use  of  frequent  doses  during  the  first  twenty-four 

Bji  It  is  said  not  only  to  diminish  the  fever,  bringing  on  a 
profuse  perspiration,  but  also  to  lessen  the  delirium.  It  must  not 
be  used  continuously  for  any  length  of  time,  as  "camphor  delir- 
ium" may  be  produced.  Digitalis  and  aconite  are  among  the 
remedies  that  have  had  their  day  in  the  treatment  of  this  disease. 
The  drug  used  perhaps  more  frequently  than  any  other  is  quinine. 
It  has  been  supposed  to  exert  an  action  on  the  cocci  through  its 
power  to  arrest  the  migration  of  the  white  corpuscles.  But  as  this 
does  not  afford  an  adequate  explanation,  it  has  been  supposed  also 
to  act  in  virtue  of  its  antipyretic  power.  According  to  Stille\  it 
seems  to  act  as  well  in  small  and  moderate  doses  as  in  large  anti- 
pyretic doses.  The  writer  is  in  the  habit  of  omitting  it  when  the 
cerebral  symptoms  are  urgent,  but  he  gives  it  usually  in  5-  to 
tograia  doses,  in  combination  with  iron,  three  or  four  times  a 
day.  Its  tonic  action  gives  it  a  decided  advantage  over  many 
other  drugs. 

"The  use  of  alcoholic  stimulants  in  ordinary  cases  of  the  dis- 
ease is  not  only  unnecessary,  but  injurious,'*  according  to  Stille. 
Tillmans,  however,  recommends  the  administration  of  alcohol  as  a 
most  valuable  remedy  both  as  a  stimulant  and  as  an  antipyretic, 
and  he  is  in  the  habit  of  prescribing  a  mixture  of  sherry  with 
champagne.  Under  the  action  of  the  alcohol,  he  thinks,  with 
suitable  nourishment!  one  sees  the  disappearance  of  cerebral  symp- 
toms. Pick  advises  the  use  of  stimulants  in  almost  all  cases,  even 
from  the  commencement,  and  occasionally  in  large  quantities. 

In  the  milder  forms  of  erysipelas  it  is  the  writer's  habit  to  rely 
chiefly  upon  food  to  preserve  the  patient's  strength.  In  old  or 
feeble  subjects,  in  the  typhotdal  types  of  the  disease,  or  in  cases 
when  the  amount  of  nourishment  is  insufficient  from  any  cause, 
alcohol  is  clearly  indicated.  It  is  important  to  remember  that 
delirium  does  not  necessarily  eoutraindicate  its  use,  and  that,  on 
the  contrary,  in  many  cases  nervous  disturbance  may  disappear  as 
the  action  of  alcohol  upon  the  system  begins  to  be  felt.  Should  it 
be  necessary  to  use  other  measures  to  keep  the  patient  quiet,  the 
bromides,  chloral,  and  even  opium,  can  be  employed  without  dan- 
ger. The  antipyretics  have  but  little  influence  upon  the  course  of 
the  fever,  as  their  action  is  but  temporary,  and  they  do  not  belong 
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to  the  class  of  drugs  which  would  be  used  appropriately  in  a  sup- 
porting treatment. 

There  is  hardly  any  disease  upon  which  such  a  vast  array  of 
salves  and  lotions  have  been  expended  as  erysipelas.  In  the 
writer's  student  days,  when  erysipelas  was  the  constant  companion 
of  the  hospital  patient,  local  applications  were  confined  chiefly  to 
the  margin  of  the  blush,  the  adjacent  healthy  skin  being  painted 
with  a  narrow  stripe  of  nitrate  of  silver  to  prevent  the  further  prog- 
ress of  the  inflammation.  Fresh  applications  were  made  as  the 
disease  crossed  the  line  thus  drawn.  Tincture  of  iodine  was  used 
in  the  same  way,  but  it  was  also  painted  extensively  over  the 
inflamed  surface,  and  it  probably  exercised  an  antiseptic  action 
upon  the  micro-organisms  in  the  skin.  As  a  local  application  car- 
bolic acid  is  probably  used  at  the  present  time  more  than  any  other 
drug.  White  thinks  that  he  can  obtain  absolute  control  over  the 
disease  by  an  application  of  an  evaporating  lotion  of  \  dr;. 
of  crystallized  carbolic  acid  to  4  ounces  each  of  alcohol  and  water, 
the  part  being  kept  wet  with  this  solution  either  constantly  or  on 
alternate  hours  during  the  day  and  evening.  The  disease  should 
yield  to  this  treatment  within  forty-eight  hours. 

Heuter  first  recommended  subcutaneous  injections  of  carbolic 
acid  in  2  per  cent,  or  3  per  cent,  solutions.  The  injection  should 
be  made  near  the  border  of  the  diseased  part,  and  about  two 
Pravaz  syringefuls  should  be  used  at  one  time,  the  dose  being 
repeated  at  intervals  of  one  or  two  days,  The  material  injected 
should  be  spread  over  as  great  a  surface  as  possible  by  passing  the 
point  of  the  needle  in  various  directions.  This  precaution  is  taken 
to  avoid  abscesses,  which  have  been  observed  to  form  at  the  point 
of  puncture.  The  number  of  doses  is  subsequently  increased  to 
four  or  five  daily.  The  erysipelas  usually  spreads  over  the  first 
points  of  injection,  but  it  is  arrested  on  the  third  or  the  fourth  d 

A  simple  and  comfortable  way  to  apply  carbolic  acid  is  with 
liquid  vaseline  as  a  vehicle.  It  can  be  painted  on  the  diseased 
surface  with  a  soft  brush.  If  a  considerable  area  is  to  be  cov- 
ered, it  would  not  be  advisable  to  use  a  stronger  solution  than  1 
per  cent.  In  the  early  stages,  when  a  small  patch  of  the  disease 
exists,  a  5  per  cent,  solution  may  be  used  to  advantage.  The  part 
can  be  protected  by  covering  the  vaseline  with  a  film  of  gutta- 
percha tissue  or  with  oiled  paper.  Whatever  way  the  drug  be 
used,  it  is  hardly  necessary  to  say  that  in  the  earliest  period  of 
the  disease  the  treatment  is  likely  to  be  far  more  effective.  This 
rule  applies  with  especial  force  to  subcutaneous  injections. 


Carbolic  acid  in  a  mild  form  can  be  brought  to  bear  upon  the 
isease  through  the  agency  of  the  class  of  preparations  to  which 
belong  creolin  and  phenyl.      These  preparations  can  be  applied  in 
a  strength  of  2  per  cent,  on  hot  poultices  of  cotton  or  other  mate- 
rial.    Such  a  method  is  well  adapted  to  erysipelas  of  an  extremity. 
The  treatment  can  be  made  more  effective  by  holding  the  hand  or 
the  foot  for  an  hour  thrice  daily  in  a  hot  bath  of  the  same  solution. 
The  advantage  of  these  preparations  is  that  they  are  not  liable  to 
cause  carbolic-acid  poisoning — a  complication  which  should  always 
be  kept  steadfastly  in  mind  when  applying  this  drug  over  large 
surfaces.      Concentrated   solutions    of   salicylic    acid    have    been 
injected  subcutaneously  around  the  borders   of  the  diseased  tis- 
sues, and  a  solution  of  sulphoearbolate  of  soda  has  also  beeu  used 
in  the  same  way. 

The  discomfort  caused  by  the  swelling  of  the  skin  is  greatly 
relieved  by  any  soothing  material  which  can  be  so  applied  as  to 
exclude  the  air.  Dusting  on  starch  or  burnt  flour  accomplishes 
this  exclusion,  but  it  is  soon  brushed  off  or  is  caked  up  into 
dry  masses.  The  frequent  application  of  oil  or  of  vaseline  to 
the  face  with  a  soft  camel' s-hair  brush  relieves  the  sensation  of 
burning  and  stiffness,  and  it  is  generally  a  very  soothing  remedy. 
White  paint  has  been  used  in  the  same  way.  A  drug  which 
involves  the  adjustment  of  a  dressing  to  the  face  is  much  less 
agreeable  to  the  patient.  Frequent  changes  of  temperature  should 
be  avoided,  and  exposure  to  cold,  it  is  needless  to  say,  is  liable  to 
aggravate  the  symptoms  of  inflammation. 

The  treatment  of  the  wound,  if  there  is  one,  should  vary  greatly 
according  to  the  changes  which  have  taken  place  in  it.  Occasion- 
ally no  change  of  dressing  will  be  necessary,  but  if  there  is  much 
sloughing  of  connective  tissue,  free  drainage  must  be  secured  and 
appropriate  antiseptic  remedies  must  be  supplied.  In  phlegmonous 
las,  it  is  important  to  recognize  pus  as  early  as  possible,  and 
to  give  it  free  drainage  by  multiple  incisions  if  necessary.  It  is  in 
these  cases  that  prompt  surgical  interference  may  be  productive  of 
the  best  results.  The  tendency  of  the  poison  to  spread  along  the 
loose  connective-tissue  spaces  must  be  checked  promptly,  no  mat- 
ter how  long  or  how  numerous  the  incisions.  Very  hot  and  large 
antiseptic  poultices  are  now  indicated,  and  they  should  be  changed 
several  times  a  day,  combined,  if  necessary,  with  antiseptic  baths, 
as  every  opportunity  should  be  offered  for  a  discharge  of  the  slough- 
ing tissues.  The  graver  forms  of  gangrenous  erysipelas  or  malig- 
nant oedema  must  be  dealt  with  promptly  and  heroically  by  long 
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and  deep  incisions.  Many  a  life  has  been  saved  by  the  prompt 
interference  of  the  surgeon.  Small  incisions,  under  these  cir- 
cumstances, are  worse  than  useless. 

In  phlegmonous  erysipelas  of  the  face  pus  forms  in  the  orbital 
fat,  necessitating  an  incision  between  the  eye  and  the  orbital 
margin.  In  scrotal  erysipelas  of  a  phlegmonous  or  a  gangrenous 
character  a  free  incision  should  be  made  through  the  raphe,  com- 
pletely dividing  all  the  tissues  involved.  This  incision  usually 
results  in  a  prompt  arrest  of  the  inflammatory  process,  and  the 
wound  heals  rapidly. 

In  the  treatment  of  erysipelas  of  the  mouth,  the  nose,  and  the 
fauces  the  practitioner  must  be  guided  by  the  general  principles 
that  govern  the  antiseptic  treatment  of  septic  inflammations  of  that 
region.  Applied  in  the  form  of  spray,  antiseptic  drugs  may  not 
only  control  the  activity  of  the  coccus,  but  they  may  help  also  to 
ward  off  the  complications  that  may  arise  from  cedematous  swelling. 

In  the  vagina  iodoform  powder  may  be  used  freely,  and  antise 
tic  douches  should  frequently  be  given. 

As  soon  as  the  diagnosis  of  the  disease  has  been  made 
patient  should  be  removed  from  a  ward  containing  other  cases, 
and  complete  isolation  of  the  case  should  be  preserved.  This 
point  should  be  strongly  insisted  upon,  as,  until  very  recently, 
erysipelas  has  not  been  regarded  as  a  contagious  disease.  The 
thorough  demonstration  of  its  bacterial  origin  ought  at  the  pres- 
ent time  to  leave  no  doubt  in  any  reasonable  mind  upon 
point.  It  is  important  also  to  realize  that  with  the  desquamation, 
which  sets  in  early,  the  apartment  is  soon  filled  with  the  germs  of 
the  disease,  and  that  thorough  ventilation  and  frequent  change  of 
clothing  and  sheets  are  therefore  matters  to  receive  especial  atten- 
tion. The  tendency  to  relapse,  so  characteristic  a  feature  of  the 
disease,  may  find  its  explanation  in  the  infection  of  the  wound 
from  the  patient's  own  surroundings.  The  writer  has  not  infre- 
quently seen  a  chronic  and  relapsing  type  of  the  disease  arrested, 
or  a  tendency  to  undue  prolongation  of  the  pyrexia  cut  short,  by 
removing  the  patient  to  another  room.  During  the  period  of  con- 
valescence the  treatment  should  be  tonic  and  supporting,  and  care 
should  be  taken  to  avoid  exposure  to  cold,  to  draughts,  or  to 
fatigue.  So  long  as  desquamation  lasts  isolation  should  be  con- 
tinued, and  in  private  practice  the  patient  should  not  be  alio' 
to  mingle  freely  with  other  members  of  the  household,  espet 
during  periods  of  epidemics,  until  it  is  tolerably  certain  that  the 
diseased  organisms  have  been  eliminated  from  the  system. 


The  task  devolving  upon  the  writer  in  this  chapter  is  one 
of  unusual  difficulty,  for  the  disease  to  be  considered  is  one  with 
which  few  teachers  of  to-day  have  had  experience  and  which 
students  never  see.  The  impress  of  the  antiseptic  treatment  of 
wounds  having  been  sufficiently  strong  to  stamp  out,  at  least  for 
the  present  tiine,  one  of  the  most  baneful  of  the  traumatic  infec- 
tious diseases,  hospital  gangrene  has  become  a  historic  disease. 
It  is  not  improbable,  however,  that  many  students  of  to-day  may 
be  brought  in  contact  with  it,  for,  although  the  discipline  of  hos- 
pital surgery  has  banished  the  disease  from  the  wards,  it  is  pos- 
sible that  cases  may  be  brought  into  hospitals  for  treatment  in 
the  future,  as  they  have  in  time  past,  or,  what  is  more  probable, 
that  the  disease  may  be  met  with  in  private  practice.  Paradoxical 
as  it  may  seem,  it  is  nevertheless  true  that  hospital  gangrene  dur- 
ing the  past  decade  has  been  seen  only  in  private  practice.  As 
complete  a  disappearance  of  the  disease  has,  however,  been  re- 
ported in  former  times,  and  it  is  highly  probable  that  the  occur- 
rence of  war,  of  great  epidemics,  or  of  any  disaster  which  may 
profoundly  afFect  the  present  well-regulated  system  of  hospital 
service  or  of  surgical  aid  to  the  sick  poor  in  large  centres  of 
population,   will  bring  back  this  unwelcome  guest. 

Hospital  gangrene  is  a  contagious  traumatic  disease  character- 
ized by  a  diphtheritic  wonnd-inflammatiou  produced  by  a  poison 
the  precise  nature  of  which  is  not  yet  fully  understood,  and  it  is 
usually  accompanied  by  more  or  less  profound  septic  constitutional 
disturbance.  It  has  been  known  from  the  earliest  times  under 
various  suggestive  names,  such  as  "  wound-typhus, "  "wound- 
cholera,"  "  poiirriture  d'hdpital,"  "sloughing  phagedena," 
"nosocomial  gangrene,"  etc.  One  of  the  earliest  descriptions 
of  the  disease  is  by  Pouteau  in  1783.  He  describes  it  as  uue 
maladie  qui  jusqu*  a  present  nya  occuph  la  plume  de  person  ne. 
The  most  classic  clinical  descriptions  of  the  disease  were  given 
by  Dussaussoy  in  the  latter  part  of  the  last  century,  and  by  Del- 
pech  in  181 5,  based,  as  they  must  have  been,  on  an  experience 
which  could  have  been  obtained  only  under  the  peculiar  condi- 
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tions  of  that  historical  period.  Indeed,  "history"  and  gan- 
grene may  be  said  to  be  coeval,  and  it  is  to  the  medical  reports 
following  great  wars  during  the  present  century  that  surgeons 
are  indebted  for  the  most  valuable  data  bearing  upon  the  etiology 
and  the  treatment  of  the  disease.  Crowding  of  hospitals  alone 
does  not  appear  to  be  a  sufficient  cause,  but  when  overcrowding 
follows  the  infliction  of  great  privation  and  fatigue,  the  conditions 
most  favorable  for  an  outbreak  of  the  disease  seem  to  be  obtained. 
A  brief  reference  to  some  of  the  campaigns  of  late  years  will  illus- 
trate these  conditions.  With  Napoleon  in  Egypt  the  disease  was 
reported  as  very  fatal.  According  to  Macleod,  in  the  English  army 
in  the  Crimean  War  the  development  of  hospital  gangrene  resulted 
from  the  lowered  general  health  rather  than  from  specific  causes. 
"It  was  in  many  cases  a  veritable  child  of  the  typhus.11  The 
French  suffered  much  more  severely  than  did  the  English.  "The 
system  they  pursued  of  removing  their  wounded  and  operated  cases 
from  the  camp  to  Constantinople  at  a  very  early  date,  the  pernicious 
character  of  the  transit,  the  crowding  of  their  ships  and  hospitals, 
all  tended  to  produce  the  disease  and  render  it  fatal  when  pro- 
duced." Many  of  their  cases  commenced  in  camp.  On  one  of 
their  transports  sixty  bodies  were  thrown  overboard  during  the 
short  passage  of  thirty-eight  hours  to  the  Bosphorus.  The  disease 
raged  in  the  hospitals  on  the  Bosphorus,  and  followed  the  returning 
wounded  soldiers  even  to  the  hospitals  in  the  south  of  Frauce. 
11  Both  in  the  French  and  in  the  Russian  hospitals  gangrene  was 
often  combined  with  typhus,  and  in  such  cases  the  mortality  was  fear- 
ful." Men  who  had  been  wounded  after  unusual  exertion  seemed 
more  susceptible  to  the  disease.  Macleod  states  that  after  the  assault 
on  the  Redan  not  a  few  cases  of  amputation  of  the  thigh  were  lost 
from  gangrene  of  a  most  rapid  and  fatal  form.  In  the  camp  at 
Scutari  the  wounds  generally  assumed  an  unhealthy  aspect  whea 
the  dreaded  sirocco  prevailed. 

During  the  Civil  War  the  total  number  of  cases  reported  by 
the  Surgeon-General  was  twenty-six  hundred  and  forty-two. 
The  conditions  under  which  some  of  the  epidemics  occurred 
are  very  suggestive.  Keen  reports  one  of  the  earliest  which 
took  place  in  1862  in  Frederick,  Maryland,  after  the  battle 
of  Antietam.  He  says:  "The  old  general  hospital,  which  had 
contained  six  hundred  beds,  was  so  crowded  with  patients  that 
one  thousand  were  of  necessity  placed  in  the  wards,  and  one 
thousand  eight  hundred  men  were  fed  at  tables  and  slept  some- 
where."    About  the  middle  of  October,  after  some  days  of  cold, 
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rainy  weather,  the  first  cases  were  noticed.     In  December,  when 

Keen  left  the  hospital,  fifty  cases  in  all  had  occurred,  with  but 

two  deaths. 

In  1863  an  outbreak  of  hospital  gangrene  occurred  in  Annapolis, 

Maryland,  among  men  who  had  recently  been  brought  from  Rich- 
mond, Virginia,  all  of  whom  had  been  closely  confined  in  the 
prisons  and  prison  hospitals  of  that  city.      "In  the  prisons  they 
were  much  crowded,  and  the  majority  were  unprovided  with  beds 
or  cots,  sleeping  on  straw  which  was  foul  and  infected  with   ver- 
min.1'    In   the  epidemic  at  Nashville,   Tennessee,   in  the  same 
year,  the  disease  appears  to  have  been  of  an  indigenous  origin, 
The  cellar  under  the  hospital  had  passing  under  and  opening  into 
it  by  several  apertures  the  common  sewer  of  that  part  of  the  city. 
The  soil-pipes  of  the  several  wards  emptied  into  the  sewer  without 
traps.    The  cellar  opened  upon  an  alley  from  which  the  infected 
ward  derived  its  ventilation.     The  emanations  from  the  cellar  were 
most  offensive  at  all  times.     Surgeon  Goldsmith  in  his  report  states; 
"I  think  that  the  records  of  surgery  do  not  afford  a  more  unique  or 
striking  example  of  one  of  the  methods  of  the  production  of  hos- 
pital gangrene." 

A  still  more  striking  example  of  the  conditions  favoring  the 
development  of  hospital  gangrene  is  to  be  found  in  the  experi- 
ences of  the  Union  soldiers  in  the  Confederate  prison  at  Ander- 
sonville,  Georgia.  The  site  of  this  prison,  which  was  simply  a 
stockade,  aud  which  afforded  no  protection  of  any  kind,  was 
selected  by  General  Winder  and  was  enclosed  in  November,  1863. 
The  ground  covered  was  about  fifteen  acres,  but  the  space  taken 
np  by  the  various  walls  and  the  dead-line  reduced  the  space  to 
about  twelve  acres.  The  ground,  which  sloped  toward  the  centre 
on  either  side,  was  divided  into  equal  halves  by  a  small,  muddy 
brook.  A  part  of  the  valley  thus  formed  was  a  swamp.  The 
refuse  from  the  cook-house  and  the  sewage  from  the  guards'  camps 
were  emptied  into  the  brook,  and  thus  rendered  it  unfit  for  drinking 
purposes,  so  that  the  prisoners  relied  chiefly  upon  wells  which  they 
made  for  the  purpose.  Every  tree  had  been  cut  down  and  no  shel- 
ter was  afforded.  No  provision  was  made  at  first  toward  carrying 
off  the  refuse  and  sewage  of  the  prison,  and  no  sanitary  regulations 
were  put  in  force.  "  The  only  living  things  that  seemed  to  thrive 
in  this  place  were  the  flies,  and  they  swarmed.  Everything  was 
covered  with  them,  and  they  were  responsible  for  the  maggots  that 
kept  the  swamp  a  moving  mass  of  corruption"  (Mann).  Accord- 
ing to  Jones,  a  morass  of  human  excrement  lined  the  banks  of  the 
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stream.  The  greatest  number  of  men  accumulated  at  any  one 
time  is  said  to  have  been  thirty-five  thousand,  and,  although  the 
mortality  was  enormous,  this  number  was  maintained  by  the  fre- 
quent arrivals  of  fresh  squads  of  prisoners.  In  the  summer  of 
1864,  L,ieut.-Col.  D.  T.  Chandler  of  the  Confederate  service,  who 
officially  inspected  the  prison,  begged  the  Richmond  government 
to  send  no  more  prisoners.     His  report  states : 

There  is  110  medical  attendance  provided  within  the  stockade;  small 
quantities  of  medicine  are  placed  in  the  hands  of  certain  prisoners  of  each 
squad  or  division,  and  the  sick  are  directed  to  be  brought  out  by  sergeants 
of  squads  daily  at  '*  sick  call  "  to  the  medical  officers,  who  attend  at  the  ^ate 
The  crowd  at  these  times  is  so  great  that  only  the  strongest  can  get  access  to 
thu  doctors,  the  weaker  ones  being  unable  to  force  their  way  through  the 
press ;  and  the  hospital  accommodations  are  so  limited  that,  though  the  beds 
(so  called)  have  all  or  nearly  all  two  occupants  each,  lar*;e  numbers  who 
would  otherwise  be  received  aTe  necessarily  sent  back  to  the  stockade 
M.iny — yesterday  twenty — are  carted  out  daily  who  have  died  from  unknown 

causes  and  whom  the  medical  officers  have  never  seen. The  sanitary 

condition  of  the  prison  is  as  wretched  as  can  be,  the  principal  cause  of  mor- 
tality being  scurvy  and  chronic  diarrhcea.    Nothing  seems  to  have  been  done, 
and  but  little  if  any  effort  made,  to  arrest  it  by  procuring  proper  food — 
a  place  the  horrors  of  which  it  is  difficult  to  describe  and  which  is  a  disgrace 
to  civilization. 

The  report  of  Crews  Pelot,  Asst.  Surg.  C.  S.  A.,  states,  in  regard 
to  the  hospital  accommodations: 

"  A  majority  of  the  bunks  are  still  unsupplied  with  bedding,  while  a  por- 
tion of  the  division  tents  are  entirely  destitute  of  either  bunks,  bedding,  or 
straw,  the  patients  being  compelled  to  lie  upon  the  bare  ground."  After 
describing  the  insufficient  supply  of  food  and  medicine,  he  adds:  "Our 
wards — some  of  them— were  filled  with  gangrene." 

During  the  month  of  August  (1864),  about  the  time  when  these 
reports  were  written,  there  were  31,678  prisoners  in  the  stockade, 
and  the  number  of  deaths  in  that  month  amounted  to  2993. 

About  this  time  Dr.  Joseph  Jones  was  sent  to  inspect  the  condi- 
tion of  the  men  at  this  prison.  From  his  extensive  and  painstaking 
report  are  quoted  the  following  details  : 

"  In  the  depraved  and  depressed  condition  of  the  system  of  these  prison- 
ers, in  the  foul  atmosphere  of  the  stockade  and  hospital  reeking  with 
ious  exhalations,  small  injuries — 08  the  injury  inflicted  by  a  splinter  running 
into  a  hand  or  foot,  the  blistering  of  the  arms  or  hands  in  the  sun.  or  even  the 
abrasion  of  the  skin  in  scratching  the  bites  of  insects— are  sometimes  followed 
by  extensive  and  alarming  gangrenous  ulceration," 

Dr.  A  Tlmrnbury  reports  to  Dr.  Jones  that  in  Ward  No.  5  at  the  Ander- 
son vi lie  Hospital  325  cases  of  gangrene  were  treated  during  the  months  of 
July,  August,  and  September  (1864),  and  that  out  of  that  number  208  died 


Gang-rene  first  made  its  appearance  in  April  of  that  year,  and  in  many 

it  was  difficult  to  decide  at  first  whether  the  ulcers  were  scorbutic  or 

igrenoas.     Small-pox  also  broke  out  at  this  time,  and  several  thousand 

were  vaccinated.     As  was  to  be  expected,  in  every  case  affected  with  scurvy 

gangrene  supervened  in  the  vaccination-wound,  and  many  of  these  cases  died. 

The  origin  of  the  gangrene  appeared  to  depend  in  a  great  measure  upon 

the  state  of  the  general  system. 

"  In  such  a  filthy  and  crowded  hospital  as  that  of  the  Confederate  States 
Military  Prison  of  Camp  Sumter,  Andersonville.  it  was  impossible  to  isolate 
the  wounded  from  the  sources  of  actual  contact  of  gangrenous  matter.     The 
umfog  over  the  wounds  and  over  filth  of  every  description  ;  the  filthy, 
imperfectly  washed,  and  scanty  rags;   the  limited  number  of  sponges  and 
wash-bowls  (the  same  wash-bowl  and  sponge  serving  for  a  score  or  more  of 
patients i.— v.  sod  all  sources  of  such  constant  circulation  of  the  gan- 

grenous matter  that  the  disease  might  rapidly  be  propagated  from  a  single 

gangrenous  wound In  many  cases  gangrene  attacked  the  intestinal 

canal  of  patients  laboring  under  ulcerations  of  the  bowels Amputation 

did  not  arrest  hospital  gangrene :  the  disease  almost  invariably  returned. 
Almost  every  amputation  was  followed  finally  by  death,  either  IV- .m  the 
effect  of  gangrene  or  from  the  prevailing  diarrhoea  and  dysentery."  The 
ons  from  the  gangrenous  wounds  of  the  Federal  prisoners  in  the  hos- 
pital and  stockade  appeared  to  extend  their  effects  to  a  considerable  distance 
outside  of  these  localities.  Thus  the  Confederate  soldiers  guarding  the  pris- 
oners, who  did  not  enter  the  stockade  or  hospital,  were  in  several  instances 
attacked  with  hospital  gangrene  supervening  upon  slight  abrasions  or 
injuries.  "  In  the  gangrenous  stumps  examined  after  death  the  disorganiza- 
tion of  the  vessels  and  muscular  tissue  was  widespread.  Stumps  from  which 
gangrene  had  apparently  disappeared,  and  which  were  thought  to  be  doing 
well,  were  discovered  after  death  to  be  thoroughly  rotten  within,  notwith- 
standing that  there  was  but  little  discoloration  of  the  skin  and  comparatively 
little  .swelling.  In  the  decayed  state  of  the  blood  and  in  the  depressed  state 
of  the  forces  gangrene  appeared  to  affect  the  tissues  with  great  rapidity  and 
with  but  slight  external  marks  of  inflammatory  action." 

The  extent  of  mortality  of  this  epidemic  of  hospital  gangrene  will 
probably  never  be  known  accurately;  but,  as  the  testimony  of  Col. 
Chandler  shows  that  many  cases  of  severe  illness  never  came  under 
the  eye  of  the  surgeon  at  all,  and  as  Dr.  Jones  concludes  that  scurvy 
directly  or  indirectly  caused  nine-tenths  of  the  deaths  among  the 
prisoners,  and  inasmuch  as  it  is  known  that  for  one  month  alone 
Jh-roll  amounted  nearly  to  three  thousand,  and  that  it  was 
often  difficult  to  distinguish  in  the  beginning  between  scorbutic 
and  gangrenous  ulcers,  and  that  when  the  epidemic  was  at  its 
height  nearly    every    abrasion    become    gangrenous, — some    faint 

•  idea  may  be  gained  of  the  enormous  number  of  cases  of  gan- 
grene that  occurred.  It  is  hardly  necessary  for  the  writer  to  say 
more  about  the  r61e  which  bad  food,  unhealthy  surroundings,  and 
depressing  influences  play  in  the  etiology  of  this  disease. 
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The  Franco-German  War,  with  all  its  greatly  perfected  medical 
equipments  in  both  armies,  was  not  exempt  from  this  plague.  It 
will  serve  no  useful  purpose  to  go  into  any  of  the  particulars  of 
this  campaign:  a  single  example  will  suffice:  In  the  hospital  al 
Brest  three  separate  epidemics  of  gangrene  occurred,  each  one  fol- 
lowing the  arrival  of  a  convoy  of  wounded  from  the  front. 

It  was  not  alone  in  time  of  war  that  this  disease  flourished, 
and,  although  Joseph  Jones  makes  the  statement  that  it  was  un- 
known in  the  South  previous  to  the  Civil  War,  the  writer  cannot 
help  feeling  that  the  disease  nevertheless  existed,  but  was  unrec- 
ognized. The  following  statement,  taken  from  Jones's  repor 
least  suggests  such  a  possibility.  Writing  from  the  general  hospital 
at  Staunton,  Virginia  (in  1863),  Dr.  Merillat  says:  "  Fortunate] \, 
I  have  never  had  an  opportunity  of  observing  in  this  hospital  tb« 
disease  described  in  the  books  as  hospital  gangrene.11  He  then 
proceeds  to  give  an  account  of  certain  conditions  of  the  wounds  in 
his  wards,  which  account  is  evidently  a  description  of  the  ulcerat- 
ing form  of  gangrene.  Certain  it  is  that  the  disease  was  familial 
to  hospital  surgeons  in  Boston  and  in  Philadelphia,  as  the  write* 
can  testify  from  personal  knowledge.  A  most  malignant  epidemic 
at  the  Massachusetts  General  Hospital  is  one  of  the  earliest  recol- 
lections of  his  professional  career.  This  epidemic  occurred  at  a 
period  when  the  river  flats  adjoining  the  hospital  grounds  were 
filled  in.  One  of  the  peculiarities  of  this  epidemic  was  the  fre- 
quent complication  of  erysipelas. 

The  following  case  is  taken  from  the  records  of  October  I,  186.1:  Amputa 
tion  of  leg  at  junction  of  middle  and  upper  thirds  for  osteosarcoma  .  or 
October  6,  sloughing  aspect  of  wound  with  exposure  of  both  bones  ;  on  ti^ 
7th,  chill ;  on  the  14th,  complete  separation  of  flaps  by  sloughing.  T^ 
muscles  are  separated  for  some  distance  from  the  integuments.  Some  hem 
orrhage  from  the  main  artery.  Death  occurred  October  15.  Many  cases  — 
amputation  presented  about  this  time  very  typical  examples  of  the  j 
fortn.  The  wounds  of  stumps  were  enormously  swollen  and  everted.  Secor— 
ary  hemorrhage  was  of  frequent  occurrence,  and  in  several  cases  ligature 
the  femoral  artery  in  Scarpa's  triangle  for  hemorrhage  was  followed  by  gaa 
grene  of  the  ligature-wound,  and  death. 

But  few  cases  have  been  seen  in  the  hospital  since  the  introduc 
tion  of  the  antiseptic  methods.     A  case  of  the  ulcerating  type  thm 
writer  saw,   however,   in  the  summer  of  1889,  in  the  wards,  buc 
failed  to  obtain  from  the  surgeon  in  charge  of  the  case  a  specimen 
for  bacterial  study.     Unfortunately,  at  the  time  of  the  disappear- 
ance of  hospital  gangrene  bacteriology  had  not  reached  that  point 
of  perfection  which  it  since  has,  so  that  no  satisfactory  scientific 
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work  on  the  relation  of  micro-organisms  to  ike  disease  has  been 
accomplished. 

The  experimental  work  of  Koch,  although  it  is  confined  i  .  n- 
tire^ly  to  animals,  is  of  sufficient  value  to  be  recorded  here. 

In  Koch's  experiments  on  septicEEtnia  in  mice  he  found  in  certain  cases, 
m    *:lie  neighborhood  of  the  place  of  injection,  in  addition  to  the  septicemia 
ha«rillu5»  a  micrococcus  growth  which  produced  a  disease    resembling  gan- 
gj-^Tic.    By  using  field-mice  instead  of  house-mice  he  was  enabled  to  elinii- 
osLt.**  the  Ijacillus,  as  this  organism  would  not  grow  in  the  blood  of  the  former 
a*»ixnal.     The  micrococcus  growth,  however,  developed  at  the  point  of  inocu- 
lation ju^t  as  well  in  field-mice  as  in  house-mice.     He  found  the  ear  of  the 
ta^^iis*  the  best  place  to  study  the  influence  of  the  coccus  upon  the  tissues 
ar»<3  its  mode  of  growth.     He  says:  "  Spreading  out  from  the  place  of  inocu- 
la_T:ion  one  can  see  extremely  delicate  and  regular  micrococcus  chains,  here 
P^-^^ssed  together  so  as  to  form  thick  masses,  there  arranged  diffusely,  the 
i£a«3.ividual  elements  of  these  chains,  as  can  be  understood  from  the  measure* 
intr  tils  of  the  longer  ones,  having  a  diameter  of  0.5^."    These  organisms  can 
b»er      traced  all  through  the  gangrenous  portions  of  the  ear ;  here  neither  red 
bM.*^*od-corpuscles  nor  nuclei  of  lymph-  or  of  connective-tissue  cells  can  be 
u_m      n     Even  the  exceedingly  resistant  cartilage-cells  are  pale  and  unrecog- 
n  i^cable.  "  All  the  constituents  of  the  tissues  look  as  if  they  had  been  treated 
ir—m  '•h  caust  i c   potash:  they  are  dead,  they  have  become  gangrenous.     Under 
tfcim.  «^sse  circumstances  the  bacteria  develop  all  the  more  vigorously,  the  micro- 
ti penetrate  in  numbers  into  the  damaged  blood-  and  lymphatic  vessels, 
m.  -1  here  and  there  the  cocci  fill  the  vessels  BO  ce.mpleteiy  that  they  appear  as 
-injected."    Just  beyond  the  point  reached  by  the  cocci  is  a  densely  agglom- 
-^ated  mass  of  nuclei,  forming  a  wall,  as  it  were,  against  the  invasion  of  the 
1  -icrococci      This  wall   has  no  great  breadth,  and   immediately  beyond   it 
^■anes  the  Donnal  tissue*.     The  mierocoeei  do  not  quite  reach  up  to  this  layer 
leucocytes.     Between  the  two  there  is  a  layer  of  considerable  breadth  eon- 
eating  only  of  gangrenous  tissue,  in  which  neither  micrococci  nor  leucocytes 
F-«  found  ;  the  cells  of  the  layer  of  leucocytes  adjoining  this  gangrenous  tis- 
Kippear  to  be  in  a  state  of  disintegration.    Koch  thinks  that  the  organisms 
■rate  a  soluble  substance  which  comes  in  contact  with  the  surrounding  tis- 
<>  by  diffusion.     When  greatly  concentrated  this  product  has  such  a  dele- 
"terioas  action  on  the  cells  of  the  tissues  that  they  perish.     [A  sort  of  coagu- 
\a.ti<v.nLLTosis  evidently  takes  place.]     At  a  greater  distance  from  the  micro- 
cocci the  poison  becomes  more  diluted  and  acts  less  intensely,  only  producing 
inflammation.     "Thus  it  happens  that  the  micrococci  are  always  found  in 
LfangTenous  tissue,  and  that  in  extending  they  are  preceded  by  a  wall 
of  nuclei  which  constantly  melts  down  on  the  side  directed  toward  them, 
wWe  on  the  opposite  side  it  is  as  constantly  renewed  by  lymph-corpuscles 
■*pasited  afresh." 

•fries  close  resemblance  between  the  membrane  of  diphtheria  and 
rertafrx   forms  of  hospital  gangrene  has  raised  the  question  of  the 
e°'it-y  of  the  two  diseases.    The  diphtheritic  inflammations,  how- 
<3o  not  necessarily  have  any  connection  with  the  infectious 


wound  does  not  therefore  necessarily  imply  true  diphtheria 
presence  of  streptococci  in  all  other  forms  of  membranous 
mations  is  a  possible  indication  of  what  may  be  found  iu  tl 
theritic  form  of  hospital  gangrene. 

The  latest  microscopical  studies  of  specimens  of  gangren* 
from  the  recently-dead  subject,  are  those  of  Heine,  made  p 
about  1870 — a  period  when  little  was  known  of  the  proper  1 
of  bacteriological  research.  Sections  examined  with  high 
of  the  microscope  showed  on  the  surface  a  finely  granulai 
geneous  layer,  varying  greatly  in  thickness,  which  contain* 
numbers  of  chain-like  organisms  resembling  "  those  desci 
some  authors  as  micrococci.''  These  organisms  were  seei 
times  in  many-branched  chains  and  sometimes  in  masses 
packed  together.  In  the  deeper  portions  of  this  layer  wc 
fragments  of  leucocytes  (JStii  r zcllni)%  and  deeper  still  wen 
masses  of  leucocytes  closely  packed  together,  the  same  orj 
being  found  either  in  the  cells  or  in  chains  intertwined  I 
them.  Wherever  the  leucocytes  had  broken  down  the  mi< 
were  more  visible.  In  this  layer  was  also  seen  a  fine  netu 
fibres  which  at  places  were  continuous  with  broad  bands  ol 
lated  fibrin  running  between  the  cells.  Lower  still  he  : 
layer  of  granulation  tissue  rich  in  blood-vessels,  in  many  o! 
coagulation  of  the  blood  had  taken  place.  In  places  the  1 
the  vessels  appeared  to  have  broken  down,  and  they  w< 
rounded   bv  circumscribed  clots  or  bv  diffused  infiltration 
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tendency  to  degeneration  of  the  cells  and  coagulated  intercellular 
substance  in  the  final  putrefactive  changes. 

The  latest  article  on  hospital  gangrene  is  by  Rosenbach.  A 
careful  study  of  two  specimens  sent  to  him  from  the  Army  Medical 
Museum  at  Washington  showed  that  the  preparations,  preserved 
since  the  Civil  War,  were  too  old  to  make  it  possible  to  detect  the 
presence  of  bacteria.  Rosenbach  reports  in  his  earlier  monograph 
two  cases  of  traumatic  gangrene  in  which  the  disease  originated  in 
a  slight  injury  to  the  finger.  Rapidly-spreading  gangrene  of  the 
arm  followed,  and  cultures  taken  from  incisions  made  into  the  gan- 
grenous portions  showed  the  presence  of  the  streptococci.  In  two 
cases  of  traumatic  gangrene,  with  emphysema,  of  a  most  malig- 
nant type  he  was  able  to  find,  microscopically,  a  bacillus,  but  no 
streptococci.     The  cultures  failed. 

The  writer  mentions  the  following  cases  of  traumatic  gangrene — 
although  clinically  the  disease  is  widely  different  from  hospital  gan- 
grene—because  they  have  a  bearing  upon  a  personal  experience: 
In  1883  the  writer  was  summoned  into  the  country  to  a  case  of  traumatic 
ffaxigrene  following  a  gunshot  injury  of  the  leg.    The  disease  had  in  fortv- 
e^^ht  hours  spread  from  the  foot  to  the  middle  of  the  thigh,  and  the  odor 
**  l^i  owed  that  putrefactive  changes  were  well  advanced.     The  operation   of 
^■"nputation  in  the  upper  third  was  performed  at  midnight.     Proceeding  on 
k*- "»  s  journey  the  next  morning,  the  writer  met  a  physician  in  consultation 
i  *"».    the  afternoon,  and  explored  a  sinus  communicating  with  a  carious  rib. 
■^^     few  days  later  a  wcll-detincd  type  of  hospital  gangrene  was  developed  in 
Le  wound,  which  was  not  larger  than  would  admit  a  good-sized  drainage- 
Lbe,  and  before  the  disease  could  be  checked  an  ulcer  the  size  of  a  dessert  - 
L  ate  had  formed.     The  only  instrument  employed  in  both  operations  was  a 
lir  of  scissors,  as,  with  this  exception,  the  instruments  of  his  colleague 
r«ereused  in  the  second  operation.     The  scissors  were  employed  to  lay  open 
■e  sinus  where  gangrene  subsequently  supervened.     That  they  were  the 
-%r ^Jicle  by  which  bacteria  were  transferred  from  one  case  to  the  other  seems 
"Vmighlv  probable. 

So  far  as  the  evidence  goes,  it  would  seem  to  favor  strongly  the 
assumption  of  a  streptococcus  bearing  the  same  relations  to  gangrene 
t\iat  the  streptococcus  erysipelatis  does  to  erysipelas.  But  the  bac- 
teno/ogy  of  gangrene,  after  all  has  been  said,  from  a  modern  point 
°' tie'w  may  still  be  regarded  as  almost  a  terra  incognita. 

ilready  been  explained,  the  disease  is  not  confined  to 
A°spi  t^ls,  but  may  occur  in  private  practice.  The  records  of 
"earlx^  all  hospital  epidemics  show  that  many  of  the  cases  weTe 
,rr,,!S-CVit  into  the  hospital  with  well-developed  gangrene.  At  the 
Prese»>.t  time  it  is  much  more  likely  to  be  met  with  outside  the 
^Pital,  where  antiseptic  surgery  has  no  control.     Why  cases  are 
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not  brought  into  hospitals  is  a  difficult  question  to  answer.  Nt 
are  reported,  although  probably  such  occurrences  do  happen. 
might  be  assumed  that  no  epidemics  exist  at  present,  but  with 
present  knowledge  it  is  known  that  such  surgical  epidemics  U 
their  origin  from  favorable  combinations  of  bad  weather,  filth,  I 
crowded  quarters.  These  combinations  are  not  so  difficult 
obtain  in  every  large  city  as  to  make  the  origin  of  sporadic 
of  gangrene  impossible. 

The  presence  of  extra-mural  cases  of  gangrene  in  the  city  duri 
a  hospital  epidemic  may  be  accounted  for  by  contagion,  for  I 
route  which  the  virus  takes  is  often  a  very  circuitous  one.  , 
example  of  this  is  given  by  Brugmanus,  who  states  that  in  179 
quantity  of  charpie  was  sent  from  France  for  use  in  the  Dul 
hospitals.  Wherever  these  dressings  were  used  gangrene  occum 
Inquiry  brought  out  the  fact  that  the  charpie  had  already  been  u< 
for  dressing  wounds,  and  that  it  had  been  cleansed  and  bleached 
the  trade. 

Much  has  been  said  about  the  contagiousness  of  gaugrei 
Medical  literature  contains  too  many  examples  of  successful  ino< 
lation  from  man  to  animals  and  from  man  to  man  for  the  quest i 
to  admit  of  any  doubt. 

Joseph  Jones  experimented  upou  a  large  pointer  dog:  about 
an  ounce  of  gangrenous  matter  was  taken  from  the  wound  9 
dead  subject  and  was  buried  between  the  lips  of  an  incision.  T 
wound  subsequently  took  on  a  typically  gangrenous  conditi< 
Fischer  made  wounds  in  five  rabbits  and  rubbed  into  the 
the  discharges  from  a  gangrenous  wound.  In  all  cases  gangrene 
ulcers  were  produced.  Dussaussoy  treated  an  ulcerated  carcinoi 
of  the  breast  in  a  man  fifty  years  of  age  with  inoculation  of  gi 
grenous  matter,  the  patient  having  refused  to  submit  to  the  acti 
cautery.  He  dressed  the  sore  for  several  days  with  charpie  soal 
in  the  gangrenous  discharges,  but  without  effect.  He  then  decic 
to  bruise  the  granulation?  and  make  them  bleed,  and  then  applj 
the  matter  to  the  freshly-made  wounds,  and  in  three  days  the  ufci 
had  become  gangrenous.  This  coincides  with  clinical  obs^ 
that  fresh  wounds  are  more  susceptible  to  the  disease  than  tJi 
that  are  suppurating  freely. 

Ollivier  in  iSiohad  his  arm  inoculated  with  gangrene  du 
epidemic  in  Spain.  He  visited  for  this  purpose  a  locality 
the  disease  existed.  The  matter  was  taken  from  the  wound  of 
young  soldier  who  finally  died  of  the  disease.  It  was  inoculaU 
with  a  lancet   into  the  skin  of  the  deltoid  region,   after 
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Ollivier  immediately  returned  home,  distant  a  two-days'  journey 
on  horseback.  Gangrene  established  itself  in  the  puncture,  and 
could  only  be  controlled  by  the  actual  cautery. 

The  following  is  au  example  of  contagion  from  patient  to 
patient  reported  by  Act  Asst.  Surg.  Cleveland: 

In  the  officers'  hospital  an  officer  with  gangrene  occupied  a  room  alone. 
The  carpenters  wished  to  put  in  a  %vater-pipe,  and  he  was  removed  to  a  room 
in  which  were  three  other  officers  with  wounds  not  then  gangrenous. 
All  four  had  their  wounds  exposed  and  dressed,  and  the  gangrenous  odor 
pervaded  the  apartment.  Although  the  officer  was  returned  to  his  own  room 
in  an  hour,  the  next  day  gangrene  appeared  in  the  wounds  of  the  other 
three  who  had  been  exposed  to  the  infection. 

Many  clinical  observations  are  cited  where  cases   in  hospital 
wards  have  not  communicated  the  disease  to  patients  with  wounds 
in  the  adjoining  beds,  while  patients  in  distant  parts  of  the  ward 
were  attacked.     This  inoculation  can  easily  be  explained  by  trans- 
portation of  the  virus  by  dressers  and  attendants.     More  difficult  to 
explain,  however,  is  the  existence  of  two  wounds  in  the  same  indi- 
al,  one  of  the  wounds   being  gangrenous,   the  other   being 
Ileal  thy, 

Surgeon  Thomson  reports  the  case  of  a  soldier  wounded  by  a  frag- 
ment of  shell  which   passed  across  the  right  thigh  below  Poupart's  liga- 
ment, through  the  scrotum,  destroying  the  right  testicle,  and   behind  the 
J^A:  thigh.     The  thigh -wounds  were  both  superficial.      The  wound  in  the 
teft  thigh  was  attacked  with  gangrene.     At  this  time  there  was  in  the  right 
^higlia  granulating  surface,  three  by  two  inches  in  dimensions,  level  with 
ti*«  integument  and  cicatrizing  rapidly.     A  smaller  equally  healthy  surface 
n^xnained  unhealed  upon  the  scrotum.     The  gangrenous  ulcer  continued  to 
&F*read  until  it  had  involved  the  perineum  and  was  eight  inches  in  diameter, 
^-"fcen  it  was  finally  controlled  by  treatment.     In  spite  of  the  profuse  dis- 
charge, the  other  wnunds  continued  to  cicatrize  rapidly.     Surgeon  Thomson 
Tcrraarks:  "If,  therefore,  the  disease  be  propagated  by  inoculation,  all    the 
crir  j  were  favorable,  since  the  proximity  of  the  thighs  at  their 

port  in  1    1  denuded  surface  on  the  scrotum,  that  might  act  as  a  link, 
rentier  it  certain  that  a  portion  of  the  great  discharge  from  the  left  must  fre- 
quintly  have  been  placed  in  contact  with  both  of  the  other  sores," 

Such  a  case  seems  not  difficult  to  explain  on  the  theory  of  the 
protective  influence  of  the  granulations.  A  bruising  of  the  sore 
on  the  posterior  aspect  of  the  body  led  to  its  inoculation  from  sotne 
source.  The  healthy  state  of  the  granulations  of  the  other 
wounds  served  as  a  protection  to  them.  Probably  most  examples 
of '  when  analyzed,  can  be  explained  in  some  such  way. 

They  were  usually  made  to  serve  as  an  illustration  of  the  theory 

it  hospital  gangrene  is  a  "  constitutional  disease;"  that  is,  a 
disease  not  due  to  local  contagion. 


The  question  of  the  possibility  of  inoculation  through 
uninjured  skin  has  been  raised  by  Rosenbach,  who  points  to 
Garrets  experience  with  the  inunction  of  cultures  of  the  staphy- 
lococcus pyogenes  aureus  on  the  sound  skin  (p.  138).  Very  slight 
bruises  are  sufficient,  as  has  already  been  seen.  Gangrene  is  said 
to  have  occurred  in  the  days  of  slavery  after  the  use  of  the  lash. 
Jones  states:  4 '  Gangrenous  spots  followed  by  rapid  destruction  of 
tissue  appeared  in  some  cases  in  which  there  had  been  no  pre- 
viously existing  wound  or  abrasion."  It  is  not  probable,  how- 
ever,, that  clinically  gangrene  is  found  developing  in  the  unin- 
jured skin. 

That    meteorological    influences   favor  the  outbreak  of  an  epi 
demic   of  gangrene  need   hardly  be  said  after  the  testimony 
Macleod,  of  Keen,  and  of  others  already  quoted. 

The  hot  sirocco  was  always  dreaded  at  Scutari,  and  the  peeulia- 
climate  at  Andersonville  had  undoubtedly  much  to  do  with  th 
progress  and  virulence  of  the   epidemic.     The   heat   of  a   cam 
exposed  to  the  full  rays  of  a  summer  sun  in   Georgia,  and 
heavy  rains  of  that  region,   combined  to  favor  the  growth  of 
bacterial  poison.     In   the  North   the  sudden  advent  of  cold  a 
stormy    weather    is    frequently    noted    as    immediately    precedi-^ 
an   epidemic. 

The.  period  of  incubation  does  not  appear  to  be  of  certain  da  ] 
tion.  The  observation  of  Cleveland  quoted  above  would  plact^ 
at  as  short  a  period  as  twenty- four  hours.  Rochard  cites  a  c^ 
where  one  week  is  supposed  to  have  elapsed  between  the  perfo*^ 
ance  of  an  operation  with  an  infected  instrument  and  the  ombres 
of  the  disease.  In  Ollivier's  case  of  inoculation  of  his  arm  wf  g 
the  virus  the  characteristic  appearances  showed  themselves  firs?  cj* 
the  third  day. 

The  principal  forms  which  are  described  by  modern  authorities 
are  the  ulcerating  and  pulpy  forms.     The  term  u  diphtheria  0^ 
wounds1'   is  also  frequently  used  to  denote  a  milder  type  wh 
appears  to  affect  the  granulations  only.     Some  regard  this  simply- 
as  a  milder  form  of  ulcerating  or  "phagedenic"  gangrene;  othen. 
are  opposed  altogether  to  the  use  of  the  term  **  diphtheria  M  in  con- 
nection with  gangrene,  as  the  two  diseases  should  not  thus  be 
fused  with  each  other,  they  being  two  entirely  distinct  affections. 
Heine  takes  strong  ground  in  favor  of  the  identity  of  the  two  dis- 
eases.    He  bases  his  views  partly  on  the  frequent  occurrence  of 
diphtheria  of  the  throat  during  epidemics  of  gangrene,   and  of 
cases  of  diphtheria  following  the  reception  of  gangrene  into  hos- 
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pita]  wards.     During  au  epidemic  at  Heidelberg-,   Heine  dressed 
the  wounds  for  several  weeks,  during  which  time  he  had  not  seen 
a  case  of  diphtheria.     At  the  end  of  a  month  lie  was  taken  ill  with 
diphtheria.     During  Heine's  illness  O.  Weber,  the  noted  surgical 
pathologist,  took  charge  of  his  cases,   and  a  few   weeks   later  he 
also  was    attacked    with    diphtheria,    which    terminated    fatally, 
although    he   had   not   previously   been   exposed   to   the   disease. 
The  present  knowledge  of  diphtheria  would  enable  one  to  deter- 
mine in  a  similar  case  whether  the  disease  was  a  form  of  infection 
with  the  Klebs-I^offler  bacillus,  or,  what  is  more  probable,  was  a 
mixed  infection  of  other  organisms. 

A  strong  argument  against  the   identity  of  the  two  affections 
is  the  alleged  absence  of  paralytic  symptoms  following  gangrene. 
I-Ieine  explains  this  by  the  relative  nearness  of  the  throat  innam- 
ixaation  to  the  base  of  the  skull,  and  by  the  ease  with  which  such 
inflammation  would  extend  to  the  nerves  usually  affected.     Rosen- 
bach  thinks  that  this  paralysis  is  not  produced  in  this  way — that 
from  the  present  standpoint  of  our  knowledge  the  paralytic  phe- 
TKrtnena  must  be  regarded  as  the  result  of  a  ptomaine-poisoning, 
^jnd  that  the  absence  of  such  symptoms  in  gangrene  implies  the 
ga^rtion  of  a  different  virus.      Heine  quotes,  however,  certain  cases 
<*f  gangrene  where  symptoms  of  paralysis  have  actually  occurred, 
l>nt  his  opponent  regards  these  cases  as  not  genuine  gangrene,  but 
a&  diphtheria  of  the  wound.     Felix  inoculated  wounds  with   the 
poison  of  diphtheria  by  dressing  granulating  wounds  with  charpie 
impregnated  with  fragments  of  membrane  and  secretions  from  cases 
of  diphtheria.    In  two  cases  diphtheritic  inflammation  of  the  wound, 
of  a  moderate  degree  of  severity,  was  produced.     It  is  not  denied 
that  gangrene  may   not  affect  the   mucous  membranes,   but   it   is 
claimed  that  in  such  cases  the  deep  ulcerations  and  the  charac- 
teristic  conditions   of  the   surrounding  parts  present  a  very  dif- 
ferent appearance  from  ordinary  diphtheria. 

Finally,  the  prevalence  of  diphtheria  for  nearly  a  score  of  years 
since  the  disappearance  of  gangrene  is  strongly  suggestive  of  a  radi- 
cal difference  in  the  exciting  causes  of  the  two  diseases,  and,  inas- 
much as  it  is  known  that  a  diphtheritic  membrane  can  be  formed 
by  organisms  which  bear  no  relation  to  true  diphtheria,  there  is 
now  but  little  evidence  to  produce  in  favor  of  their  identity. 

In  the  mean  time,  guided  by  clinical  appearances  only,  it  will  be 
Hest  to  distinguish  a  diphtheritic  form  of  gangrene.  This  form  may 
be  regarded  as  the  mildest  type  of  the  disease,  and  as  one  in  which 
tiie  granulations  are  chiefly  affected,  and  in  which  there  is  an  arrest 
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of  the  healing  process  rather  than  destruction  and  enlargement  of 
the  area  of  the  wound.  The  earliest  change  to  be  noted — and  one 
which,  in  the  writer's  student  days,  the  dresser  was  cautioned 
always  to  watch  for  carefully  in  every  case — was  a  change  of  the 
granulations  from  their  healthy  red  color  to  a  grayish  tint.  There 
is  at  first  a  loss  of  color.  The  surface  of  the  wound  becomes  glazed 
and  somewhat  opaque,  forming  a  thin  veil  or  membrane  through 
which  the  contour  of  the  granulations  is  still  seen.  The  increasing 
opacity  and  thickness  of  this  layer  finally  forms  a  sort  of  **  rind,'' 
which  occasionally  develops  without  any  accompanying  symptoms 
of  infective  inflammation-  This  membranous  condition  of  the 
wound  may  be  caused  by  some  accidental  source  of  irritation, 
such  as  the  retention  of  foul  discharges,  mechanical  irritation,  or 
the  presence  of  a  foreign  body  in  a  fistulous  canal  opening  into  the 
wound.  What  has  occurred  is  chiefly  a  change  in  the  character  of 
the  discharge  from  the  wound  with  coagulation  of  the  exudation  on 
the  surface.  Wheu,  however,  the  disturbance  in  the  healing  pro- 
cess is  more  profound,  as  shown  in  alteration  of  the  granulation 
tissue  with  distinct  increase  of  irritation  in  all  parts  of  the  wound, 
in  greater  readiness  on  the  part  of  the  granulations  to  bleed,  and 
in  a  more  inflamed  appearance  of  the  margins  of  the  wound,  the 
surgeon  may  look  for  coagulation-necrosis  involving  the  upper 
layer  of  the  granulations,  and  consequently  the  development  of 
a  diphtheritic  membrane.  This  membrane  may  involve  a  dt 
of  tissue  sufficient  to  produce  necrosis  of  the  surface  to  a  con- 
siderable extent  and  the  formation  of  sloughs,  or  there  may  be 
seen  here  and  there  small  extravasations  of  blood  due  to  the 
breaking  down  of  the  walls  of  the  vessel  which  supplies  the  dif- 
ferent granulations. 

The  secretion  of  the  wound  is  at  first  diminished;  later  it 
changes  in  character  and  becomes  more  watery,  and  it  is  then 
much  more  abundant,  so  that  in  some  cases  the  dressings  become 
quickly  saturated  with  the  discharge  and  require  to  be  changed 
frequently.  The  margins  of  the  wound  are  not  materially  affected 
in  the  milder  cases,  but  when  the  granulating  surface  becomes 
more  deeply  infected  the  edges  of  the  ulcer  are  found  thickened 
and  raised,  while  at  the  same  time  portions  of  the  membrane  melt 
down  or  are  thrown  off  as  small  sloughs.  The  wound  assumes  a 
crater-like  appearance,  and  occasionally  the  edges  of  the  skin 
begin  to  break  down  and  have  an  appearance  as  if  they  had  been 
gnawed  by  some  rodent.  Usually  the  process  is  arrested  by  treat- 
ment, and  as  the  membrane  melts  away  or  is  cast  off  the  healthy 
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granulations  appear,  and  the  swollen  and  somewhat  injected  lips  of 
the  wound  resume  their  natural  size  and  color,  the  cicatrizing  pro- 
cess proceeding  once  more. 

The  type  to  be.  placed  next  in  point  of  severity,  but  which 
writers    generally   regard    as    less    frequent    than    either   of    the 
other  varieties,  is  the  ulcerating  form.     Here  the  formation  of  a 
membrane  is  not  so  apparent:  the  granulations,  however,  have  an 
unhealthy  appeara.nce,  are  paler  than  usual,  and  have  lost  their 
plump,  exuberant  character.     On  closer  inspection  it  is  found  that 
,1  number  of  them  are  the  seat  of  minute  dark-red  or  light-gray 
patches,  which  are  sprinkled  about  over  the  surface  of  portions  of 
the  wound.     These  points  soon  break  down  and  leave  behind  them 
clean-cut  circular  excavations  in  each  granulation.     Some  of  these 
patches  look  like  small  pustules,  which,  when  they  break,  expose 
a  grayish   surface.     These   minute   ulcerations   subsequently   run 
together   and  form  an  ulcer  in  the  granulating  surface.     Several 
such  ulcerations  may  develop  in  different  portions  of  the  wound, 
and  when  the  process  has  extended  to  the  outer  border,  the  skin 
becomes  involved  and  breaks  down,  leaving  semi-circular  defects 
which  give  the  lips  of  the  wound  the  appearance  of  having  been 
bitten  out.     At  this  time  the  surface  of  the  wound  becomes  dis- 
colored and  assumes  a  grayish  or  a  brownish  hue,  the  discharge 
becoming  thin  and  streaked  with  blood  and  having  a  foul  odor. 
The  process  is  not  usually  a  rapid  one,  and  the  breaking  down  and 
enlargement  of  the  wound  may  be  an  affair  of  several  weeks.     In 
this  way  the  wound  may  increase  in  size  indefinitely  both  in  area 
and  in  depth.     The  extent  to  which  the  ulcerating  process  will 
penetrate  depends  somewhat  upon   the  anatomical  nature  of   the 
issues.      A  dense  fascia  will  exert  a  limiting  influence,  but  when 
fr>ose  connective  tissue  is  involved  muscles  may  be  dissected  out  or 
be    eaten   through.     In   the  case   reported  by  Thomson,   already 
Quoted,  the  condition  of  a  wound  of  the  posterior  portion  of  the 
thigh  is  thus  described: 

*"  An  ulcer  three  by  two  inches  in  extent  was  found,  oval  in  shape,  covered 
•"ithan  ashy-gray  slough  upon  its  margin,  thickened  and  everted,  surrounded 
°y  a  livid  areola,  and,  instead  of  normal  pus,  discharging-  a  thin  fetid  serum 
1,1  *>ced  with  debris."  This  description  portrays  fairly  well  the  diphtheritic 
*5"~"j3e.  Attempts  to  treat  it  with  applications  of  nitric  acid  were  unsuccess- 
ful .  and  the  report  continues  : 

"There  was  the  characteristic  margin  preceded  by  the  areola  of  livid 
^t^Lsts  preparing  the  tissues  for  their  rapid  destruction.  The  connective  tis- 
sue beneath  the  skin  had  been  destroyed,  so  that  the  skin  for  an  inch  from  its 
^^ai^gin  was  perfectly  movable.     The  muscles,  separated  from,  each  other  by 
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times   called    the    "  hemorrhagic. ' '      Whatever    the    preliminary 
changes   may  be,  the  surface  of  the  wound  soon  becomes  enor- 
mously swollen,  and  it  is  changed  into  a  dirty  gray  or  a  greenish 
mass  of  putrefying  sponge-like  tissue.    The  secretion  of  the  wound, 
which  was  at  first  arrested,  now  begins  to  run  again.     It  wells  up 
through  the  pulpy  mass  in  the  form  of  fetid  ichor,  the  odor  of 
which  is  thought  by  many  to   be  quite   characteristic.     The  edges 
of  the  wound  become  extremely  sensitive,  and  they  are  everted  and 
raised  and  of  a  deep-red  or  purple  tint,  shading  off,  when  the  dis- 
ease is  spreading,  into  a  bronzed  hue.     Changes  as  profound  as 
these  may  occur  within  from  twenty-four  to  forty-eight  hours. 
The  swollen  membrane  thus  formed  soon  begins  to  putrefy,  but  it 
does  not  readily  separate.     Its  color  changes  frequently,  and  it  is 
difficult   to   describe.     It   is  often   distended   with   gas   from   the 
decomposing  substance,  and  it  finally  breaks  up  into  soft,  gelatin- 
ous sloughs  or  moist,  cheesy  debris,  and  is  thrown  off,  only  to  be 
I    followed  by  new  formations  beneath   it.     In  the  mean   time  the 
deeper  tissues  have  been  attacked,  and  the  advance  of  the  infec- 
tion is  indicated  by  the  increased  amount  of  inflammatory  reaction, 
as  shown  by  the  great  swelling,  the  discoloration  of  the  surround- 
ing integuments,  and  the  profound  constitutional  disturbance.     At 
this  time  secondary  hemorrhage  from  some  large  vessel  frequently 
takes  place,  speedily  terminating  the  case  fatally  or  necessitating 
the  ligature  of  the  femoral  or  brachial  or  other  vessel  of  largest 
■tae,  thus  involving  the  formation  of  a  wound  in  which  gangrene 
may  develop  itself  anew.     The  changes  described  are  taken  from 
personal  memory  of  cases  which  occurred  in  the  epidemic  of  the 
hospital  to  which  reference  has  already  been  made. 

The  differences  that  may  occur  in  the  form  of  the  exudation  are 
°f". course  very  great,  each  epidemic  showing  peculiarities  of  its  own. 
Rosenbach  describes  a  gelatinous  membrane  which  occasionally 
forms  enormous  colloid  vegetations.  When  in  a  state  of  putre- 
faction such  voluminous  masses  have  been  likened  to  decomposing 
foetal  brains. 

The  discharge  from  the  wound  is  enormous;  it  may  be  orange- 
colored  or  may  be  brownish,  or — what  is  a  more  generally  fitting 
<i<escription — it  may  be  foul  and  dirty.  Pitha  says  of  it:  "  No  mat- 
ter" how  deep  the  infiltrated  surface  appears  to  be,  it  always  seems 

*risufficient  to  account  for  the  great  quantity  of  the  discharges 

Trie  foul  pus  pours  in  such  cases  as  if  it  came  from  an  inexltaust- 
lV>le  spring." 

As  the  infection  advances  no  tissues  are  spared;  the  muscles  ate 
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laid  bare,  and  they  often  so  swell  and  soften,  as  the> 
eaten  through,  as  to  suggest  the  presence  of  a  slough i 
The  nerves  are  dissected  out,  but  they  generally  reta 
tomical  form  and  distribution.  The  fasciae  are  more  i 
they  do  not  long  resist  the  advance  of  these  graver  typ 
ease.  Articulations  may  be  laid  open,  and  even  the  be 
escape  necrosis.  In  some  of  the  most  malignant  type 
portion  of  a  limb  may  thus  become  disorganized,  but 
fortunately,  are  rare.  The  skin  has  a  marble  hue,  t 
distended  by  emphysema  of  the  connective  tissue,  ai 
tiou  of  the  limb  may  ensue. 

The  great  swelling  which  takes  place  in  the  differi 
the  wound  is  often  deceptive  as  to  the  amount  of  tissi 
been  lost  This  is  shown  after  the  membrane  separ 
wound  rapidly  contracts. 

The  disease  does  not  always  advance  with  the  rapidi 
Even  cases  which  eventually  may  terminate  fatally  nu 
advance  with  great  deliberation  until,  as  the  vital  po 
lowered,  the  gangrene  seems  to  gain  new  strength  and 
more  malignant  type. 

The  early  writers  generally  state  that  at  first 
symptoms  are  wanting,  but  this  is  probably  due  toi 
thcrmometric  observations  were  not  taken.  It  is  lj 
until  the  second  week  that  the  symptoms  become 
fever-curve  is  of  course  variable,  corresponding  to* 
the  local  manifestations.  It  is  quite  irregular — t 
says,  like  an  outline  of  the  Alps.  The  constitut 
are  probably  produced  by  the  absorption  of  the  tc 
possibly  by  the  bacteria  themselves,  and  the  fevc 
clinically  from  that  of  septicaemia.  But,  althouj 
like  condition  with  diarrhcea  is  characteristic  of 
gangrene  there  is  a  marked  clinical  feature  in  tH 
ness  of  the  wound.  The  pain  and  nervousness  a] 
ingof  the  wound  are  such,  in  some  cases,  that  fq 
fortitude  to  go  through  the  ordeal.  The  bare 
the  dressing  may  bring  on,  according  to  Pitlia 
probably  Southern  Gentians),  convulsive  tremj 
and  palpitation  of  the  heart.  It  is  often  nece 
patient  at  these  times,  especially  when  eschar  j 
is  not  surprising  that  many  cases  are  followej 
patients  who  have  been  discharged  from  the 
/e  returned  with  the  disease  in  full 
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reinfection  could  easily  take  place  from  germs  concealed  in  some 
of  the  patients  person. 
Among  the  most  frequent  complications  of  the  disease  is  ery- 
sipelas;  and  if  it  may  be  supposed  that  they  are  both  caused  by  the 
streptococcus  group  of  organisms,   it  is  certainly  not  surprising. 
With  such  a  severe  infective  form  of  inflammation  as  gangrene,  it 
ibo  to  be  expected  that  pysemia  may  occasionally  be  met  with, 
but  this  complication   would  probably  not  supervene  unless  local 
phlegmonous  inflammations  had  followed  or  complicated  the  origi- 
nal disease, 

A  few  selected  cases  may  perhaps  give  a  clearer  idea  of  the  cause 
and  peculiarities  of  the  pulpy  form  of  gangrene: 

Thomson  reports  a  case  of  amputation  of  the  thigh  for  a  fracture  of  the 
;  caused  by  a  Minie>ball  at  the  battle  of  Fredericksburg.     The  wound 
had  healed,  except  a  narrow  strip  of  skin,  on  February  18,  when  it  was  found 
UP  wed  with  a  gray  slough  and  had  the  characteristic  odor.    The  cicatricial 
ue  soon  yielded  to  the  sloughing,  and  the  subcutaneous  connective  tissue 
had  been  destroyed  for  two  inches  beneath  the  skin  at  the  outer  angles  of  the 
original  incisions.      The  destruction  was  limited  to  the  connective  tissue 
until  the  nineteenth  day,  when  the  skin  became  involved.     The  constitu- 
tional symptoms  became  grave;  the  mental  despondency  was  marked;  a  free 
diarrhoea  also  began.    The  whole  surface  of  the  stump  had  now  a  margin  of 
black  mortification  of  the  skin,  outside  which  was  the  usual  areola  of  purple 
congestion,  the  complete  stasis  of  to-day  becoming  the  sphacelus  of  to-flLOF- 
row.    The  end  of  the  femur,  protected  by  rosy  granulations,  now  protruded 
from  the  black  mass  of  sphacelus,  the  integument  having  become  loosened 
by  the  destruction  of  the  subcutaneous  connective  tissue,  and  retracted.    The 
presence  of  this  mass  of  putrefaction  seemed  to  add  to  the  nervous  prostra- 
if,  indeed,  the  absorption  of  such  peccant  material  is  not  its  sole  cause. 
Ob  die  thirty-first  day  the  symptoms  had  been  typhoidal  for  several  days: 
esatdation  had  gone  on  rapidly;   there  had  been  subsultus  tendinum  and 
muttering  delirium  with  extreme  prostration  until  this  date,  when   death 
octiiTred.     The  limb  was  removed  after  death,  and  the  specimen  sent  to  the 
Anny  Medical  Museum  (Specimen  1000.  Surg,  Sect,).      The  sphacelus  had 
involved  all   the  tissue  for  five  inches  above  the  divided  bone,  and  there 
■eons  to  have  been  a  faint  effort  to  form  a  line  of  demarcation. 

An  interesting  point  illustrated  by  this  case  is  the  presence  of 
Wealthy  granulations  at  the  end  of  the  bone  in  the  centre  of  the 
gangrenous  mass.  This  is  a  peculiarity  noticed  by  many  writers 
— namely,  that  a  portion  of  a  wound  may  be  affected  with  the  dis- 
ease, and  in  another  part  the  granulations  may  be  in  a  perfectly 
thy  condition.  Jones  reports  a  large  number  of  cases  in  great 
detail.     The  following  case  is  illustrated  by  two  colored  plates: 

A  man  twenty- two  years  of  age,  who  had  been  in  the  Confederate  service 
3«atty  four  years,  was  wounded  in  the  middle  of  the  left  thigli  (Awj».  V%t 
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1864)  by  a  piece  of  lead,  weighing;  about  a  pound,  from  a  rifle-shell.  He 
removed  from  Atlanta  to  Macon,  and  the  disease  appeared  four  days  afte 
his  arrival  at  the  latter  place.  On  the  fourteenth  day  the  wound  in  tbi 
thigh  was  eight  inches  in  diameter,  was  nearly  circular,  and  was  deeph 
and  irregularly  excavated;  the  edges  were  everted  and  the  surface  wai 
coated  with  a  dirty  grayish,  purplish,  ami  dark-bluish  leaden  -colored  layer 
There  was  a  most  fetid,  irritating,  and  sanious  discharge  from  the  wound 
but  no  pus.  Temperature  105.60  F.  The  next  day  the  large  muscles  ol 
the  thigh  were  exposed  by  the  gangrenous  excavation,  and  they  were  fre 
quently  observed  quivering,  especially  after  the  application  of  nitric  aci£ 
which  causes  intense  pain.  On  the  twenty-fifth  day  the  wound  began  l 
assume  a  healthy  appearauce,  and  on  the  thirty -fifth  day  it  was  cicalTi 

The  next  case,  which  is  an  example  of  the  ability-  of  gaugre* 
to  lay  open  joints,  is  quoted  from  the  same  author: 

The  patient  was  thirty- seven  years  of  age.     A   Minte-ba.ll  struck  ► 
fleshy  part  of  the  forearm  about  the  middle  :  no  bones  were  injured,     re- 
injury occurred  July  20,  1864,  the  patient  being  transferred  from  Atlant 
Macon.     At  the  end  of  a  month,  when  the  wound  was  healing,  it  toolc^ 
gangrenous  inflammation,  became  swollen,  and  was  surrounded  by  a     ^ 
livid  areola  and  burned  most  painfully.      By  the  middle  of  September-    ^ 
muscles  of  the  arm  and   forearm   in  the  region  of  the  elbow-joint   ^-^ 
extremely  denuded  and  the  gangrene  was  spreading.     Application  of  1 
odd  did  not  arrest  it.     October  1,  the  gangrene  had  denuded  the  condyles  «>f 
the  humerus  and  had  penetrated  the  joint.     The  muscles  exposed  presenic*i 
red.  purplish,  and  greenish  colors  in  different  portions.     The  odor  of  th«£ 
wound   was   insupportable.      There   were  great    prostration,    dejection,  atnf 
nervousness  with  muttering  delirium.     Tongue  was  dry  and  of  a  dark  pur- 
ple-and-blue  color.      October  4,  hemorrhage  from  the  brachial  artery, 
where  it  divides,  took  place  at  sunrise,  and  the  patient  died   in  twenty 
minutes. 

Dr.  Jones  dwells  upon  the  sallow  line  of  the  complexion  and  the 
livid-blue  color  of  the  tongue  as  derangements  manifestly  induced 
by  the  gangrenous  poison  on  the  constitution  of  the  blood.  Per- 
haps  the  most  striking  examples  of  the  severest  type  of  the  d 
are  related  by  Macleod: 

"In  the  Crimea,  during  the  summer  of  1855,  after  the  taking  of  the  quar 
ries  and  the  assault  in  June  on  the  Great  Redan,  not  a  few  cases  of  amputa- 
tion of  the  thigh  were  lost  from  moist  gangrene  of  a  most  rapid  and  fatal 
form.  In  the  case  of  a  few.  who  lived  long  enough  for  the  full  devcloprai 
of  the  disease,  gangrene  in  its  most  marked  features  became  established. 
most  of  the  men  expired  previous  to  any  sphacelus  of  the  part,  overwbel 
by  the  violent  poison  which  seemed  to  pervade  and  destroy  the 
economy." 

Two  cases  under  Macleod's  own  care,  in  men  who  had  a  limb  utter!} 
destroyed  by  round-shot  or  by  grape,  are  thus  described  :  "  During  the  night 
previous  to  death  the  patient  was  restless,  but  did  not  complain  of  any  par- 
ticular uneasiness.   At  the  morning  visit  the  expression  appeared  unaccount- 
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tbly  anxious  and  the  pulse  was  slightly  raised.     The  skin  was  moist  and  the 
loogue  clean.    By  this  time  the  stump  felt,  as  the  patient  expressed  it,  heavy 
lead,  and  the  burning,  stinging  pain  had  begun  to  shoot  through  it.    On 
removing  the  dressings  the  stump  was  found  slightly  swollen,  and  the  dis- 
charge had  become  thin,  gleety,  colored  with  blood,  and  having  masses  of 
matter  like  gruel  occasionally  mixed   with  it.     A  few  hours  afterward  the 
limb  became  greatly  swollen,  the  skin  tense  and  white,  and  marked  along 
its  surface  by  prominent  blue  veins.    The  cut  edges  of  the  stump  looked  like 
p«.rk      Acute  pain   was  felt.     The  constitution  had  by  this  time  begun  to 
sympathize.     A  cold  sweat  covered  the  body,  the  stomach  was  irritable,  and 
the  poise  was  weak  and  frequent.    The  respiration  became  short  and  hurried, 
giving  evidence  of  the  great  oppression  of  which  the  patient  so  much  com- 
plained.    The  heart's  action  gradually  and  surely  got  weaker  til!,  from  four- 
teen to  sixteen  hours  from  the  first  bad  symptom,  death  relieved  his  suf- 
ferings." 

In   regard    to    the  pathological  anatomy   of    the   disease   little 
remains  to  be  said.     The  post-mortem  appearances  are  those  which 
^.re  the  result  of  septicaemia,  unless  pyaemia  has  occurred  as  a  com- 
plication.     In  this  case  it  is  probable  that  in  the  neighborhood  of 
the  wound  there  would  be  evidence  of  phlegmonous  inflammation. 
One  would  hardly  suppose  that  there  would  be  any  difficulty  in 
the  diagnosis  of  the  disease,  yet  in  its  early  stages  there  are  con- 
ditions of  hospital  wounds  which  might  be  mistaken  for  gangrene. 
The  mechanical  or  the  chemical  irritation  of  the  granulations  may 
be  the  result  of  unsuitable  dressings,  such  as  were  frequently  applied 
in  former   times.     There  may  be  obtained  in  this  way  capillary 
hemorrhage  with  oedema  of  the  granulations,  and  even  the  forma- 
lion  of  a  croup-like  layer.     The  writer  has  at  the  time  of  this 
writing  a  wound  of  the  bursa  of  the  elbow  that  has  assumed  such 
an  appearance  from  hardening  of  the  secretions  in   the  dressing, 
which  had  been  kept  on  a  week.     The  presence  of  a  foreign  body 
or  of  a  piece  of  dead  bone,  especially  if  the  sequestrum  consist  of 
a  fragment  of  cancellated  bone  with  decomposing  matter  retained 
m  its  meshes,  may  also  cause  doubtful  appearances  of  the  wound, 
and  even  the  formation  of  a  rind  upon  the  surface  of  the  granula- 
tions.    Such  a  rind  is  not  infrequently  seen  in  feeble  or  in  aged 
individuals,  or  it  may  be  due  to  the  presence  of  a  scorbutic  or  tuber- 
culous  taint    in  the  tissues  or  in   the  system.     Occasionally  bed- 
sores will  counterfeit  closely  the  appearances  of  hospital  gangrene 
IH   the  spreading  of  the  wounded  surface  and  in  its  sloughing  con- 
dition.     The   writer   has  seen    carbuucular  sloughs   transform   a 
Wound  into  one  of  this  appearance,  and  show  a  tendency  to  spread 
Which  could  only  be  checked  by  thoroughly  cleansing  and  disin- 
fecting the  wound.     This  condition  occurred  in  a  feeble  old  man. 
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The  "gray  look"  of  a  wound  which  has  hitherto  been  heal 
kindly  must  be  regarded  as  suspicious,  particularly  in  times  of* 
demies,  and  formerly  it  was  a  condition  that  was  always  regai 
with  great  distrust 

The  prognosis  of  the  disease  is  very  variable.  It  m\i 
supposed  from  the  clinical  description  given  above  that  the  u 
tality  is  greater  than  septicaemia,  pyaemia,  or  tetanus,  for  instai 
It  is  undoubtedly  as  serious  a  wound-disease  as  erysipelas,  and 
haps  more  so,  although  such  epidemics  of  erysipelas  as  oceurre< 
America  about  fifty  years  ago  have  been  of  the  gravest  charac 
The  ulcerating  form  is  much  less  dangerous  than  the  pulpy  fc 
and  the  latter  type  varies  greatly,  according  to  its  local n 
effect  upon  the  system.  Penetration  of  the  great  cavities,  sue! 
the  peritoneum  or  the  pleura,  by  gangrenous  ulceration  is  air 
invariably  followed,  according  to  Packard,  by  a  fatal  terminal 
The  opening  of  a  joint  during  the  progress  of  the  disease  car 
be  regarded  in  any  other  light  than  as  a  most  serious  complicat 
In  the  epidemics  observed  since  the  beginning  of  the  present  < 
tury  the  mortality  has  varied  from  18  to  80  per  cent.  In  some 
the  more  recent  campaigns  the  mortality  has  probably  been 
much  lower  figure. 

The  number  of  cases  of  gangrene  reported  in  the  Surg  tea 
lory  of  the  War  of  the  Rebellion  was  2642.  Of  these  CSS 
were  fatal,  making  a  mortality  of  45.6  per  cent.  The  pereen 
of  fatality  (with  the  exception  of  penetrating  wounds  of  the  trt 
of  cases  of  gangrene  after  flesh-wounds  was  larger  than  that  i 
fractures.  In  one  of  the  more  recent  epidemics,  which  occurre 
the  barracks  at  Berlin,  the  mortality  was  only  6  per  cent. 

In  undertaking  the  treatment  of  hospital  gangrene  it  is  i 
ant  to  remember  that  the  agent  employed  must  come  directl 
contact  with  the  diseased  tissue— that  it  will  be  of  no  avail  to  d 
the  wound  simply  with  applications  containing  an  efficaci<» 
The  dead  portions  on  the  surface  must  first  be  removed,  the  m 
brane  be  scraped  away,  and  sinuses  be  laid  open,  in  order  that 
remedy  may  be  enabled  to  exert  its  influence  directly  upon  the 
eased  part.  It  is  pre-eminently  a  disease  where  heroic  treatn 
is  clearly  indicated. 

The  actual  cautery  has  always  been  popular  with  the  Fit 
surgeons.  Pouteati  was  the  first  to  endorse  it.  He  says:  "C 
pratique  £tait  familiere  aux  anciens:  osons  la  r£tablir  dans  tout 
lustre."  Rochard  says:  "The  actual  cautery  is  more  terrifj 
than  painful.     At  a  white  heat  and  passed  rapidly  over  the 
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less  painful  than  applications  of  perchloride  of  iron.  The 
cautery  may  be  followed  by  the  use  of  cold  compresses  removed 

time  to  time  until  the  pain  ceases."  At  the  present  time  the 

suitable  dressing  to  follow  this  would  be  an  antiseptic  poul- 
tice frequently  renewed  and  alternating  with  an  antiseptic  bath 
until  the  separation  of  the  sloughs  has  taken  place. 

Nitric  acid  in  full  strength,  which  has  been  much  used,  seems 
to  have  been  the  favorite  application  by  Southern  surgeons  during 
the  war.  Jones  advises  a  liberal  and  thorough  application  of  the 
acid;  "  It  should  not  merely  coagulate  and  alter  completely  the 
gangrenous  matters,   but  also  come   in   contact  with    the   sound 

parts In  most  cases  one  thorough  application  of  the  acid 

will  be  sufficient If,  however,  the  patients  be  retained  in 

the  crowded  wards  or  tents,  the  most  energetic  treatment  will  fail 
entirely  of  arresting  the  disease.1' 

The  patient,  as  in  the  case  of  cautery,  should  be  placed  under 
the  influence  of  an  anaesthetic  and  all  gangrenous  tissues  should 
carefully  be  cut  away.  All  sinuses  found  under  the  skin  or  in  the 
connective  tissue  should  be  laid  open  freely  and  the  dead  tissues  be 
removed.  As  Keen  says:  u  Stumps  must  be  laid  bare  and  appa- 
rently ruined;  sinuses  must  be  fully  exposed  and  the  disease 
relentlessly  pursued  to  its  farthest  refuge."  Rochard  well  adds: 
"11  laut  du  courage/' 

For  milder  cases  an  acid  wash  may  be  used  consisting  of  solu- 
tions of  hydrochloric  acid  of  greater  or  lesser  strength;  the  one 
in  use  for   many   years  at   the   Massachusetts  General    Hospital 

g  epidemics  was  the  following: 


I$>.    Potass,  chlor. , 
Acid  hydrochlor., 
Misce  et  adde. 
Aquae, 


3ss; 

3j; 

Sviij, — M, 


It  can  be  applied  on  char  pie. 

Keen  used  chiefly  in  the  West  Philadelphia  epidemic  the  acid 

Bftrate  of  mercury,  preferring  it  to  nitric  acid,  as  it  caused  less 

pun  and  often  saved  time  by  enabling  the  surgeon  to  dispense 

D  anaesthetic:  "  The  pain  continues  for  a  shorter  time,  the 

slough  appears  to  be  destroyed  and  disintegrated   more  thoroughly, 

eparates  in  from  twelve  to  thirty-six  hours  sooner  than  that 

the  acid."     He  continues:  "The  constitutional  treatment  is, 

I  take  it,  of  far  less  importance  than  the  local,  just  as  the  cousti- 
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tutional  symptoms  are  less  grave  than  the  local.  Frequently  the 
will  subside  entirely  after  the  vigorous  local  treatment  advocate* 
The  fever  will  abate,  the  patient  will  sleep  well,  the  tongue  cleai 
the  bowels  relax,  and  he  will  tell  you  the  next  morning  that  Ii 
has  eaten  an  excellent  breakfast  and  i  feels  first-rate. 

The  application  of  pure  or  fuming  bromine  was  advocate 
strongly  by  Goldsmith.  This  drug  should  be  applied  with  gr^ 
thoroughness.  It  at  once  obliterates  all  gangrenous  odor; 
ready  vaporization  permits  its  application  to  the  bottom  of  ^ 
sinuses  and  sulci  which  cannot  safely  be  laid  open  with  the  kn  ^ 
Its  action  is  almost  instantaneous.  Surgeon  Cleveland  was 
the  habit  of  applying  bromine  to  all  cuts  or  injuries  of  his  nng^r 
and  he  had  no  trouble  with  such  wounds,  although  coming  i0j 
daily  contact  with  the  disease.  Goldsmith  advises  for  milder  i 
the  following  solution  of  bromine: 


1^.   Brominii, 

3j; 

Potass,  bromici, 

gr.  160; 

Aquae, 

ad  StV. — M. 

Lint  saturated  with  this  solution  should  be  applied  to  t] 
over  this  a  dry  piece  of  lint;  over  this  a  sheet  of  lint  spread  wit- 
simple  cerate;  and  outside  of  all  a  piece  of  oil-silk,  which  : 
intended  to  retain  the  vapor  as  long  as  possible.  If  the  sloughs  an 
thick  and  they  cannot  well  be  trimmed,  the  bromine  may  be  intra 
duced  into  the  thickness  of  the  slough  by  means  of  a  hypodermi 
syringe.  The  irritating  effects  of  the  vapor  of  bromine  upon  tla 
eyes  and  the  air-passages  of  the  dresser  were  such  as  to  giveagres 
deal  of  unpopularity  to  this  remedy.  It  was  employed,  howevea 
with  great  success  in  many  of  the  army  hospitals  during  the  was 
and  afterward  in  civil  practice,  and  those  who  had  occasion  to  gii* 
it  a  fair  trial  were  enthusiastic  over  its  thorough  work. 

The  French  used  perchloride  of  iron  in  their  last  war  with  mm 
cess;  it  was  the  most  successful  remedy  at  Brest.  Charpie  soakc 
with  it  should  be  applied  to  the  cleansed  wound,  and  be  renewe 
at  the  end  of  every  twenty-four  hours  for  a  longer  or  short- 
period.  Its  application  appears  to  have  been  quite  as  painful  ■ 
that  of  the  much  more  powerful  remedies. 

Packard  recommends  the  use  of  sugar — a  carbohydrate  not  gm 
ing  up  its  oxygen — which  prevents  oxidation  and  which  acts  as 
preservative.  Powdered  white  sugar  may  thoroughly  and  thick 
be  dusted  over  the  wound  or  be  applied  as  a  thick  syrup. 
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cure  consists  in  the  removal  of  all  sloughing  and  dead  tissues,  and 
•pposing  oxidation  by  means  of  a  dressing  with  any  substance 
which  either  contains  no  oxygen  or  will  not  give  it  up.1' 

At  the  present  time  the  vast  array  of  modern  antiseptic  reme- 
dies, among  which  we  may  mention  iodoform   and  peroxide   of 
rogen,  will  be  at  hand  for  the  surgeon's  use.      Of  these   reme- 
dies, carbolic  acid  has  already  been  employed  in  several  epidemics. 
J  ii  weak   solution   it  does  not  penetrate  sufficiently  deep,      Heuter 
used  5  to  10  per  cent,  solutions,  and  reapplied  them  several  times  a 
day.     In  this  shape  it  has  a  caustic  action,  but  it  was  apparently 
rt ot  adapted  to  severe  cases.     It  goes  without  saying  that  the  most 
powerful  prophylactic  treatment  is  the  application  of  the  laws  of 
strict  asepsis  so  far  as  they  can   be  carried  out.     If  a  single  case 
occurs  in  a  hospital  ward,  it  should  immediately  be  isolated;   if  a 
ri  timber  of  cases  occur  at  once,  the  ward  should  be  evacuated.     An 
epidemic  at  the  Chestnut  Hill   Hospital,  near  Philadelphia,  was 
i^TTested  in   twelve  hours  by  placing  all   those  attacked  with  the 
disease  in  tents  in  an  adjoining  grove.     A  chronic  case  which  has 
obstinately  resisted  local  treatment  will  often  improve  rapidly  after 
2L  complete  change  of  room,  of  bedding,  and  of  clothing. 

Amputation   for   hospital  gangrene   of  stumps   was  a   frequent 
resort  in  pre-antiseptic  days.     There  is  no  doubt  that  the  presence 
of  gangrene  is  no  contraindication  to  such  an  operation  at  the  pres- 
CDttime.     With  thorough  antiseptic  precautions  the  case  ought  to 
do  well  afterward.     In  1870  such  an  attempt  was  made  by  a  Ger- 
man surgeon  for  gangrene  of  the  foot  involving  the  tarsal  joints. 
The  wound  was  soaked  with  a  strong  solution  of  carbolic  acid,  and 
ik  Coot  was  carefully  wrapped  up  in  cloths  wet  with  the  same  solu- 
tion.   The    leg   was  thoroughly  washed  with   "  phe*nyle- water " 
before  the  operation.     The  dressing  for  the  stump  consisted   of 
carbolic  compresses.     The  healing  was  slow  at  first,  but  after  the 
of  a  small  pus-cavity  cicatrization  rapidly  took  place. 
M 


Tetanus  (from  rtrdwut,  to  bend)  is  an  infectious  disease,  3 
erally  traumatic  in  origin,  characterized  by  painful  tonic  cont 
tion  of  the  muscles,  beginning  with  those  of  the  jaw  or  the  t 
and  affecting  progressively  the  muscles  of  the  trunk  and  the  lit 
It  is  accompanied  by  convulsive  paroxysms  and  an  irritatioi 
inflammation  of  the  nerve-centres  in  the  upper  portions  of 
cord.  It  is  due  to  the  presence  of  a  bacterial  poison  in  the  b 
and  tissues. 

The  etiology  of  the  disease  has  received  a  vast  amount  of  si 
by  modern  as  well  as  by  ancient  writers,  and  its  origin  has  1 
attributed  to  various  causes.  One  of  the  causes  to  which  the 
ease  has  most  frequently  been  attributed  are  sudden  changes  in 
weather,  particularly  change  from  heat  to  moist  cold.  After 
battle  of  Prague  there  was  said  to  be  as  many  as  a  thousand  c 
of  tetanus  among  the  wounded  who  were  left  upon  the  field  of 
tie  without  shelter.  In  the  Austrian  campaign  of  1866,  Strom 
saw  thirteen  cases  after  a  cold  storm  which  followed  a  pericx 
heat.  At  Strasburg,  Poncet  did  not  see  a  single  case  of  teU 
during  the  early  period  of  the  siege,  but  in  September,  aft 
sudden  fall  of  the  thermometer,  a  dozen  cases  occurred  in 
military  hospital  in  which  he  was  stationed.  In  tropical  a 
tries  the  disease  appears  to  be  much  commoner  and  to  favor 
tain  regions.  Negroes  are  supposed  to  be  peculiarly  suscepti 
among  whom,  in  Brazil  and  Peru,  the  disease  is  said  to  be  1 
uioii.  In  Algeria  the  Arabians  are  supposed  to  enjoy 
immunity  to  the  disease;  such  at  least  is  the  experience 
French  surgeons.  Idiopathic  tetanus  is  said  to  be  comraot 
the  Southern  United  States,  in  Central  America,  and  in 
West  Indies:  in  Europe  tetanus  has  most  frequently  been 
served  in  connection  with  military  surgery. 

It  has  also  been  supposed  that  the  disease  might  originate  f 
an  injury  to  some  nerve-trunk.  One  of  the  most  acute  and  typ 
forms  of  tetanus  under  the  writer's  care  followed  a  lacerated  woi 
of  the  arm  with  exposure  of  the  median  nerve  for  several  inches 
its  length,  in  a  way  that  rendered  it  impossible  to  cover  the  ne 
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wjth  the  integuments;  but  Weir  Mitchell  reports  that  tetanus  from 
injur)"  to  the  nerve-trunk  occurred  iu  only  one  case  out  of  all  that 
he  observed  during  the  late  war,  and  he  believes  that  the  source  of 
irritation  is  in  the  peripheral  branches  of  the  nerves  in  the  majority 
of  cases.  Such  a  reflex  origin  of  the  disease  has  been  assumed  by 
several  authorities,  and  the  sometimes  almost  instantaneous  relief 
of  symptoms  by  the  division  of  painful  cicatrices  or  other  sources 
of  nerve-irritation  gives  ground  for  this  belief.  In  the  report  of  a 
case  in  the  Surgical  History  of  the  War  the  symptoms  were  appar- 
ently due  to  such  a  cause,  following  amputation  of  the  finger. 
Several  months  after  there  appeared  tetanic  symptoms,  which 
were  immediately  relieved  by  the  removal  from  the  cicatrix  of  a 
neuroma  about  the  size  of  a  buckshot  The  history  of  this  case 
renders  the  diagnosis  doubtful,  but  the  association  of  the  symp- 
toms with  the  peripheral  irritation  is  at  least  suggestive. 

In  another  case,  where  the  median  nerve  was  caught  in  the 
cicatrix,  intense  pain  was  suffered  and  there  was  great  nervous 
irritation  after  the  wound  had  healed.  Partial  trismus  occurred 
finally,  that  was  somewhat  relieved  by  an  incision  which  freed  the 
nerve  from  the  cicatrix.  The  tetanic  symptoms  recurring  were 
not  relieved  by  resection  of  the  nerve,  and  amputation  was  resorted 
to,  after  which  the  man  recovered.  Iyarrey  divided  certain  cica- 
trices of  the  shoulder  that  gave  rise  to  cramp-like  pains  and  tetanus, 
the  operation  being  followed  by  immediate  relief  of  all  the  svmp- 
toras.  "The  patient  opened  his  mouth  and  was  cured."  Rose 
refers  to  such  cases,  which  he  calls  ** scar-tetanus." 

wing  out  this  idea,  some  writers  thought  that  the  situation 

of  the  wound  played  an  important  part  in  the  origin  of  the  disease, 

and  an  endeavor  was  made  to  establish  the  fact  that  it  was  as  a 

complication  of  wounds  of  the  hands  and  the  feet  that  tetanus  was 

almost  invariably  found;  but  examination  of  statistics  shows  that 

this  view  is  not  borne  out  by  the  facts  of  the  case,  that  the  disease 

•nay  follow  injury  in  almost  any  region  of  the  body,  and  that  it 

^ay  arise  spontaneously  when  no  perceptible  wound  is  to  be  found. 

*  he  view  that  tetanus  was  of  humoral  origin  has  been  advocated 

Prayers,   Billroth,   and  others  for  a  long  time.     This  theory 

as^umed  an  intoxication  due   to  the   formation  of  a   poison   de- 

v*^loped   either   in   the   wound   or   in   the   perspiration — in    other 

*"ords,    a   ptomaine.      An   attempt   was   not   made,    however,    to 

iate   this   chemical    product   with   the   development  of   bac- 

Tia, 

It  was  not  until  1885  that  the  bacillus  tetani  was  discovered.    It 
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is  a  long,  slender  rod,  in  one  end  of  which  a  spore  forms,  distending 
the  cell  into  a  "drumstick"  shape  (p.  54).  It  is  one  of  the  mosi 
marked  types  of  anaerobic  bacteria,  and  it  is  usually  found  niin 
gled  with  several  other  varieties,  from  which  it  has  been  separate? 
with  great  difficulty.  For  this  reason  pure  cultures  have  only  quit< 
recently  been  obtained.  The  organism  is  found  principally  in  tin 
tissues  near  the  wound,  and  it  has  not  been  satisfactorily  demon 
strated  in  either  the  blood,  the  internal  organs,  or  the  centre 
nervous  system.  Injected  into  animals  after  cultivation,  the  o*. 
ganism  produces  symptoms  of  tetanus  in  twenty-four  hours.  ^ 
the  autopsy  a  slight  infiltration  is  seen  at  the  point  of  injection 
but  no  coarse  changes  are  seen  elsewhere.  A  few  bacilli  ^ 
found  near  the  point  of  injection,  but  none  in  other  parts  of  ^ 
body.  In  no  case  do  their  numbers  stand  in  any  proportion, 
the  severity  of  the  symptoms.  For  this  reason  it  has  b^, 
assumed  that  the  organisms  manufacture  at  the  point  of  inoci 
lation  an  extremely  active  poison  which  disseminates  itseF 
throughout  the  body.  Betoli  mentions  the  fact  that  slaves  die* 
of  tetanus  after  having  eaten  the  flesh  of  a  bull  which  had  per- 
ished  from  that  affection. 

Brieger  has,  in  fact,  succeeded  in  obtaining  from  the  culture  of 
the  bacteria  ptomaine  which  he  called  "  tetanine. "'  The  same 
substance  he  also  obtained  from  the  freshly -amputated  arm 
man  afflicted  with  the  disease. 

Under  what  special  conditions  infection  takes  place  in  man 
cannot  yet  be  stated  with  any  certainty.  The  tetanus  bacilli  an 
found  in  large  numbers  in  the  world  about  us — in  garden  soil,  it 
the  dust  and  sweepings  of  our  streets  and  dwellings,  in  crumbling 
masonry,  in  putrefying  fluids,  and  in  manure.  In  connection  will 
the  latter  source  it  may  be  mentioned  that  French  writers,  and  par 
ticularly  Verneuil,  regarded  persons  who  are  brought  in  contac 
with  horses  as  particularly  susceptible.  Considering  the  grea 
numbers  of  tetanus  bacilli  that  are  constantly  to  be  found  abou 
us,  it  might  seem  surprising  that  tetanus  is  so  rare  a  disease.  Thi 
is  explained  by  their  anaerobic  nature.  The  presence  of  free  oxygti 
prevents  the  development  of  the  bacteria.  The  bacilli  are  there 
fore  unable  to  find  an  opportunity  to  grow  upon  small  and  super 
ficial  wounds  except  in  rare  instances.  Punctured  wounds  lodgi 
the  organisms  deep  in  the  tissue,  a  soil  better  fitted  for  their  growth 
If  the  penetrating  foreign  body,  such  as  a  splinter  or  a  nailt  shoul- 
carry  in  with  it  dirt  from  the  skin,  grains  of  sand,  or  fragments  ca 
stone,  the  conditions  are  peculiarly  favorable  for  the  inoci 
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and  development  of  the  bacilli.  Among  the  predisposing  causes 
of  tetanus  may  be  mentioned  age,  Yandell  shows  that  the  disease 
is  peculiarly  fatal  to  persons  under  ten  years  of  age,  and  that  this 
period  included  7  per  cent,  of  all  the  cases  collected  by  him,  but 
did  not  include  trismus  nascentium.  The  disease  is  said  to  be  rare 
in  later  life,  but  the  same  author  noted  fifteen  cases  occurring  in 
individuals  over  fifty  years  of  age;  and  one  case  is  reported  in  a 
man  aged  eighty-nine.  The  condition  of  the  patient's  health  is  an 
important  factor  in  his  ability  to  resist  the  inroads  of  the  micro- 
organisms. The  enormous  number  of  cases  reported  after  the 
T>attle  of  Prague,  although  doubtless  greatly  exaggerated,  indi- 
cates that  exhaustion  and  exposure  produce  an  enfeebled  vitality 
^peculiarly  favorable  for  the  origin  of  tetanus.  Doubtless  meteor- 
ological conditions  favor  the  growth  of  the  bacillus  of  tetanus,  and 
•under  certain  combinations  it  can  easily  be  imagined  that  the  dis- 

tease  might  assume  an  epidemic  form.  Epidemics  of  the  disease 
have  not  only  been  reported  in  literature,  but  it  is  probable  also 
that  every  hospital  has  had  several  cases  occurring  within  com- 
paratively short  periods  of  one  another.  Such  has  certainly  been 
I  the  writer's  experience. 
Tetanus  may  be  traumatic  or  be  idiopathic,  according  to  the 
current  authorities  of  the  present  day.  In  view,  however,  of  the 
latest  investigation sT  there  may  be  reasonable  doubt  of  the  exist- 
ence of  the  latter  variety.  As  in  erysipelas,  it  is  not  difficult  to 
assume  the  presence  of  some  small  wound  in  which  the  organisms 
may  have  effected  a  lodgment.  Cases  of  tetanus  arising  from  so 
trifling  an  injury  as  a  hang-nail  have  been  reported,  and  the  disease 
nay  become  a  complication  of  an  internal  injury,  as  a  simple  frac- 
ture, It  is  not  improbable,  therefore,  that  in  the  form  of  dust  the 
organisms  may  be  inhaled  or  be  swallowed,  and  that  subsequently 
a*x  intravascular  infection  of  the  injured  tissues  may  occur.  A 
nnore  important  distinction  is  that  made  between  acute  and  chronic 
tetanus.  Puerperal  tetanus  and  trismus  nascentium  are  varieties 
usiially  considered  as  a  group  by  themselves,  but  they  are  in  reality 
aot  distinguished  ecologically  from  traumatic  tetanus. 

Acute  tetanus  usually  appears  during  the  first  week  of  the  period 
°f  the  healing  of  a  wound.  Yandell  found  that  of  415  cases  the 
disease  supervened  in  two  weeks  in  196  cases.  In  the  remainder — 
*- 1* at  is,  those  in  which  the  disease  appeared  after  the  fourteenth 
*3. ay— the  recoveries  exceeded  the  deaths.  As  chronic  tetanus  is 
*nuch  more  liable  to  terminate  in  recovery  than  the  acute  form,  it  is 
"probable  that  in  most  of  those  cases  in  which  the  symptom  ^^^.1^. 
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late  the  disease  ran  a  chronic  course.     Of  367  cases  reported  iit  th« 
Surgical   History  of  the  War,   287  occurred  during  the   first  tw 
weeks  after  the   injury  or  the  amputation. 

Sometimes,  then,  during  the  first  or  the  second  week  of  the  con 
valescence  from  an  injury,  without  any  warning  as  shown  by  tfcj 
state  of  the  wound  or  the  general  condition  of  the  patient,  the  fin 
stage  of  the  disease  makes  its  appearance,  After  a  comfortabc 
night's  rest,  probably  the  last  the  patient  will  have,  he  awak^; 
with  a  sensation  of  having  taken  cold.  He  complains  of  a  st-i 
neck,  but  thinks  little  of  it.  Such  a  complaint  on  the  part  of  L?4 
patient  should  put  the  surgeon  on  his  guard,  for,  although  it  ma) 
be  a  symptom  of  a  slight  ailment  only,  it  is  almost  the  invariable 
precursor  of  the  other  symptoms  of  tetanus.  During  the  day  there 
is  in  the  muscles  of  the  jaw  a  slight  stiffness,  which  renders  it  dif- 
ficult for  the  patient  to  open  his  mouth.  This  stiffness  is  not  pain- 
ful, and  it  may  still  be  regarded  by  the  patient  as  a  trivial  matter; 
but  this  stage  of  comparative  comfort  does  not  last  long,  as  the 
disease  progresses  apace.  There  is  soon  pain  in  the  muscular  con« 
tractions,  which  now  become  so  powerful  and  continuous  that  th< 
jaw  cannot  be  opened  and  considerable  difficulty  is  experienced  in 
swallowing  even  liquids.  In  the  mean  time  the  M  stiff  neck"  ha< 
included  all  the  muscles  that  hold  the  head  and  the  neck  to  the 
body.  On  examination  of  the  jaws  the  masse ters  are  distinctly 
felt  in  a  state  of  rigid  contraction,  as  hard  as  iron  and  with  well- 
marked  borders.  Attempts  to  approach  the  chin  to  the  sternum 
directs  attention  to  the  rigidity  of  the  muscles  at  the  back  of  the 
neck.  If  the  hand  is  now  passed  down  to  the  abdomen,  th« 
parietes  are  felt  as  firm  and  rigid  as  a  metal  plate;  before  the  daj 
closes  the  muscles  of  the  back  may  already  be  affected,  and  Ow 
patient  is  unable  to  lie  upon  his  back  owing  to  the  arching  of  th< 
spine,  or  the  opisthotonos,  thus  produced.  There  is  already  reten- 
tion of  urine,  which,  when  drawn  with  the  catheter,  appears  to  be 
abundant  and  of  a  normal  color.  The  distress  of  the  patient 
now  become  great,  owing  to  the  painful  nature  of  the  muscular 
spasm,  which  is  not  only  extensive,  but  is  also  continuous;  th 
"tonic.1'  Attempts  to  swallow  cause  pain  and  distress,  owing  tc 
paroxysmal  increase  in  the  muscular  contraction.  After  a  sleepless 
night  the  patient  the  next  morning  is  found  well  advanced  into  th^ 
stage  of  full  development  of  the  disease.  The  locking  of  the  jam 
is  as  complete  as  before,  and  nearly  all  the  voluntary  muscles  c; 
the  body  except  those  of  the  upper  extremities  are  involved, 
arms  may  also  be  mvo\ved^Vj\\Vo\\\^  to  a  partial  extent.    The  li 
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extremities  are  rigidly  extended.  The  patient  is  now  extremely 
geflsitive  to  disturbance  of  any  kind:  attempts  to  move  him  in  bed, 
to  administer  nourishment,  or  to  pass  the  catheter  bring  on  a  par- 
ipjayaa  of  convulsive  action  of  a  most  painful  character.  Even  the 
,n  usdes  of  the  face  are  affected;  the  eyelids  are  seamed,  the  nostrils 
are  raised,  and  the  mouth  is  puckered  in  a  peculiar  way,  while  its 
crorners  are  drawn  back  by  the  contraction  of  the  cheeks.  The  eyes 
^lxc  drawn  in  and  partly  closed,  and  occasionally  there  is  strabis- 
xxius.  The  expression,  which  is  peculiar  to  itself,  can  be  likened 
■neither  to  that  of  pain  nor  that  of  mirth.  The  so-called  "sardonic 
^rnn"  [risus  sardonicus)  is  perhaps  the  best  term  that  can  be 
applied  to  it.  Once  seen  by  the  surgeon,  it  is  never  to  be  for- 
gotten. The  writer  remembers  having  seen  the  typical  risus  in 
one  only  of  the  cases  that  have  been  under  his  care.  Poncet 
remarks  that  the  surgeon  in  charge  would  never  be  able  to 
recognize  his  patient  after  recovery.  Poland  mentions  a  case 
where  the  disfigurement  remained  after  convalescence,  and  was 
quite  marked  after  a  period  of  eleven  years. 
While  all  the  muscles  mentioned  are  still  in  a  state  of  tonic 
spasm,  there  will  be  waves  of  convulsive  spasm  throughout  the 
body,  produced  by  any  disturbing  influence:  these  spasms  now 
become  more  frequent  and  violent.  The  muscular  contraction  at 
this  time  is  extremely  painful,  and  any  attempt  to  prevent  it  or  to 
straighten  the  limb  may  lead  to  rupture  of  the  muscular  fibre. 
Carrey  reports  rupture  of  the  rectus  abdominis  muscles  owing  to 
i  iolent  spasms  brought  on  by  putting  the  patient  into  a  cold  bath. 
Tbte  same  accident  is  mentioned  by  Curling,  and  Dupuytren  has 
observed  rupture  of  the  muscles  at  the  back  of  the  neck.  Des- 
Portes  records  double  fracture  of  the  neck  of  the  femur  from  mus- 
cu  lar  action,  and  Poncet  mentions  a  case  of  rupture  of  a  fatty  heart 
'a.    an  alcoholic  subject. 

The  reader  must  not  gain  the  impression  that  the  patient  tosses 
*ri  Idly  about  in  bed:  on  the  contrary,  he  keeps  as  still  as  possible, 
a**d  such  a  patient  might  easily  be  passed  in  the  ward  without 
appreciating  the  fact  that  he  was  the  victim  of  so  terrible  a  disease. 
Oil  closer  inspection,  however,  he  will  be  found  lying  upon  his  side, 
with  his  head  drawn  rigidly  backward  and  with  a  deep  hollow  in 
iVie  curve  of  the  spine,  which  curvature  becomes  greatly  exaggera- 

|te<i  on  turning  down  the  bed-clothes.  His  mind  is  perfectly  clear, 
t>u*  the  rigidity  of  the  muscular  contractions  of  the  mouth  and  in  the 
chest  does  not  enable  him  to  emit  more  than  muffled  groans.  The 
sPasru  of  the  sphincters  renders  movements  of  the  bowels  on  of  t\\e 
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bladder  very  difficult.  There  is  at  this  time  but  little  fever;  the 
temperature-curve  is  in  no  way  characteristic  in  this  disease,  but 
as  death  approaches,  and  even  post-mortem,  the  rise  may  be  exces- 
sive. There  will  be  found,  however,  after  each  convulsion  a  tend- 
ency to  perspiration,  which  may  become  quite  a  characteristic 
feature  of  the  case.  With  each  active  and  extensive  innervation 
of  muscular  fibres  there  is  without  doubt  an  increased  heat-produc- 
tion, and  the  diaphoresis  is  therefore  a  means  by  which  a  corre- 
sponding heat-elimination  may  be  maintained.  The  post-mortem 
hyperpyrexia  which  is  occasionally  seen,  the  thermometer  running 
to  1090,  1120,  and  1 1 50  P.,  may  be  in  part  due  to  the  cessation  of 
active  heat-elimination,  but  it  is  probably  due  also  to  the  action  of 
the  ptomaine  on  the  thermic  centres. 

During  the  height  of  the  disease — that  is,  on  the  third  or  the 
fourth  day — exhaustion  becomes  marked  from  loss  of  nourishment 
and  of  sleep.     Short  periods  of  sleep  may  be  obtained  by  drugs, 
during  which  there  is  some  relaxation  of  the  muscular  spasm;  but 
no  complete  remission  ever  occurs,  and  the  patient  is  soon  startled 
out  of  a  disturbed  slumber  by  renewed  convulsive   movements. 
Attempts  to  give  food  may  bring  on  spasm  of  the  glottis,  death 
having  occurred  during  such  a  crisis.     Attempts  to  expectorate  the 
accumulated  mucus  may  also  produce  the  spasm.     The  convulsion 
usually  lasts  a  few  seconds  only,  during  which  there  is  also  cya- 
nosis of  the  face  and  its  muscles  are  contracted;  the  pupils  are  nor- 
mal; there  is  some  foaming  at  the  mouth;  and  the  lips  have  a 
deeper  hue.     Dyspnoea  is  increased,  and  the  patient  makes  forcible 
attempts  to  get  his  breath;  the  abdomen  is  pushed  forward,  and  the 
patient  may  rest  upon  his  occiput  and  heels  in  the  position  of 
opisthotonos.     The  pulse  is  greatly  accelerated,  and  it   may  reach 
to  160  (Poncet).     Death  from  heart  failure  may  also  occur  during 
this  period  of  prostration,     In  the  last  stages   of  the  disease  the 
mind  continues  clear,  delirium  is  extremely  rare,  and  the  patient  i 
fully  sensible  of  the  agonizing  spasms  to  which  the  slightest  no; 
or  disturbance  in  the  room  gives  rise.     The  face  is  pale  and  ema- 
ciated, and  if  not  convulsed  there  is  an  expression  of  great  appre   «^ 
hension.     The  voice  is  feeble  and  the  skin  is  constantly  bathed  i  .^ 
sweat.    It  is  in  this  period  that  the  temperature  may  rise,  and  in  soil 
cases  may  reach  a  very  high  point.     During  the  last  moments 
tetanic  spasms  may  relax,  but  they  are  usually  maintained  no 
the  end. 

In  tropical  climates  the  period  of  acute  tetanus  may  greatly 
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shortened,  and  cases  are  reported  in  which  death  has  supervened  a 
few  hours  after  the  onset  of  the  attack. 

Contraction  of  the  muscles  of  one  side  of  the  trunk  may  occur 
occasionally,  but  pleurosthotonos  is  rare.  When  the  symptoms  are 
continued  beyond  the  fifth  day,  there  is  hope  that  the  disease  may 
assume  the  form  known  as  chronic  tetanus.  The  cases  of  recovery 
from  acute  tetanus  that  occasionally  occur  usually  go  through  a 
chronic  stage  before  convalescence  takes  place. 

In  chronic  tetanus  the  first  symptoms  usually  appear  at  a  later 
date  after  the  injury  or  operation  than  in  acute  tetanus.     There  is 
hope,  therefore,  if  no  symptoms  are  seen  until  the  third  week, 
that  there  may  be  this  type  to  deal  with.     The  order  in  which 
symptoms  appear  is  the  same  as  that  in  the  acute  form.     The  stiff 
neck,  the  locked  jaws,  and  the  rigidity  of  the  muscles  of  the  trunk 
arc  all  present,  and  the}'  may  be  of  great  severity;  but,  although 
the  development  of  the  disease   may  be  rapid,   there  are   periods 
during  which  the  patient  experiences  relief  from  muscular  contrac- 
tions.    An  entire  day  may  pass  without  relapse.      The  periods  of 
quiescence  between  convulsions  may,  at  all  events,  be  more  pro- 
longed than   those  in  the  acute  type;  nourishment  can  be  given, 
and  the  strength  of  the  patient  may  correspondingly  be   main- 
tained.    As  time  passes  che  interval  between  the  convulsive  seiz- 
ures becomes  more  prolonged  and  the  convulsions  are  less  severe; 
deglutition   becomes  less  painful.     The  prostration,   however,   is 
extreme,  and  any  unusual  excitement  or  irritation,  such  as  the  pas- 
sage of  the  bougie,  will  bring  back  the  spasms.     Sleep,  however, 
becomes    more   prolonged   and   more    refreshing.     Convalescence 
finally  sets  in,  though  it  is  liable  to  be  accompanied  with  several 
^lapses.     The  disease  may  be  thus  extended  over  a  considerable 
^Jigth  of  time.    Cases  of  six  weeks'  and  of  two  months'  duration  are 
^^^^asionally  seen;  Yandell  reports  one  case  in  which  the  duration 

r    symptoms  was  two  hundred  and  forty  days. 
Head   Tetanus  t   or   Tetanus  Hydrophobicus,   an   affection   first 
l^^scribed  by  Rose,  occurs  after  injuries  in  the  region  of  distribution 
>^~   any  of  the  twelve  cranial  nerves;  consequently  it  is  chiefly  con- 
&."*zmed  to  the  head.     It  is  characterized  by  spasm  of  the  pharyngeal 
trm.iiscles  and  paralysis  of  the  facial  nerve,  as  well  as  trismus,  and 
occasionally  tetanic  contractions  of  the  muscles  of  the  neck  and 
aLt>domen.     Rose  explains  the  paralysis  of  the  facial  nerve  by  com- 
pression in  the  petrous  portion  of  the  temporal  bone,  due  to  swell- 
ing of  the  nerve.     According  to  Brunner,  the  reported  symptom 
f  facial  paralysis  is  due  to  an   error  of  observation,      Bivuw.er 
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injected  pure  cultures  of  the  tetanus  bacillus  at  different  points 
the  heads  of  rabbits  and  guinea-pigs,  and  succeeded  in  produci 
head  tetanus.     Paralysis  of  the  affected  side  of  the  face  was,  how 
ever,  absent.     The  asymmetry  of  the  two  halves  of  the  face 
caused  by  tetanic  contractions.     If  the  injection  was  made  in 
median  line,  both  sides  of  the  face  were  affected;  if  one  side 
inoculated  and   the   facial   nerve  of  the  same  side  divided  at   t 
same    time,    the    contractions    of    the    muscles   were    prevented 
Klemtn  by  a  careful  analysis  of  twenty  cases  disproves  Brunner 
theory,  it  being  evident  that  paralysis  of  the  facial  nerve  occu 
in  the  majority  of  cases  with  its  characteristic  symptoms.     T 
sequence   of   symptoms   in    this   form   of  tetanus   resembles   tha 
described  by  Rosen  bach   in  tetanus  produced   experimentally 
animals,  in  whom  the  muscular  cramp  begins  at  the  point  of  in< 
illation  and  spreads  to  other  muscles.    The  paralysis  is  due  to  inn 
tion,  probably  by  a  toxine,  in  the  same  way  that  paralysis  occu 
in  diphtheria  and  other  infectious  diseases.     Albert,  in  fact,  place 
this  affection  in  the  class  of  the  paralyses  infect  reuses. 

Cephalic  tetanus  occurs  usually  after  a  wound  in  the  face.    R 
reports  the  case  of  a  coachman  who  received  a  blow  from  a  whi 
handle  below  the  left  orbit.     In  another  case  a  blow  was  received 
in  the  temple  during  a  street-brawl,  and  the  patient  was  left  uucoi 
scums  in  the  gutter  for  several  hours.     In  a  case  reported  by 
hardt  the  disease  followed  the  removal  of  a  wen  from  the  neigh 
hood  of  the  left  orbit.     The  paralysis  of  the  facial  nerve  aim 
always  occurs  on  the  same  side  as  that  on  which   the  injur)* 
received.     There  is  usually  marked  paralysis  of  the  lower  lid, 
eye  of  the  affected  side  remaining  open  after  an  attempt  is  m 
to  close  the  lids.     There  is  generally  trismus,   and  occasi 
spasm  of  the  abdominal   muscles  is  also  mentioned.     A  mar 
feature  of  this  form  of  tetanus  is  difficulty  in  swallowing,  w 
symptom    has    given    rise   to    the    term    tetanus    hydropttob^ 
This  symptom,  however,  is  not  always  present. 

Head  tetanus  is  not  always  fatal.  As  in  the  ordinary  f< 
tetanus,  many  of  the  chronic  cases  recover.  Gueterbock  and 
hardt  collected  seventeen  cases  with  four  recoveries.  Klemm 
that  recoveries  occurred  almost  invariably  in  the  chronic 
which  lasted  from  four  to  twelve  weeks.  In  a  collection  of  t 
four  cases  of  head  tetanus  seven  recovered,  and  of  these  si 
cases  of  chronic  tetanus. 

As  to  the  character  of  the  wound  in  a  case  of  tetanus, 
Jittle    to   show  that  tVie  bac\\U  -produce  any  marked  1 
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during  their  growth.  Poncet  speaks,  however,  of  a  peculiar  con- 
dition of  the  wound  at  the  outbreak  of  the  disease.  The  suppura- 
tive process  is  less  healthy  in  character  and  the  tissues  appear  to  be 
irritated.  Occasionally  there  is  a  slight  blush  around  the  edges  of 
the  wound,  and  sometimes  evidences  of  lymphangitis  are  seen  near 
a  wound  of  the  extremity.  There  may  also  be  a  slight  pricking 
sensation  in  the  affected  member,  which  may  even  be  painful. 

Wounds  of  the  extremities  are  said  to  be  followed  more  fre- 
quently by  tetanus  than  those  in  other  regions.     This  statement 
is  in  accord   with   YandelPs   figures.      He   says:    "The  popular 
belief  that  injuries  of  the  foot  are  more  liable  than  those  of  other 
parts  to  be  followed  by  tetanus  is  quite  confirmed  as  to  punctured 
wounds  in  this  situation,  the  large  majority  being  inflicted  by  nails 
run  into  the  foot.1'     Of  the  505  cases  reported  in  the  Surgical  His- 
tory of  the  War,  all  but  76  were  wounds  of  the  extremities.     It  is 
probable,  however,  that  the  nature  of  the  injury  is  a  more  important 
etiological  factor  than  is  its  situation,  and  that  tetanus  more  fre- 
quently follows  wounds  of  the  extremities  is  due  to  the  fact  that 
punctured  wounds  are  more  frequent  in  those  regions.     The  pres- 
ence of  the  bacillus  tetani  on  dirty  hands  and  feet  may  also  form  an 
important  factor.     Occasionally  the  disease  will  be  found  to  follow 
the  infliction  of  a  certain  kind  of  injury.   The  M  deadly  toy  pistol, M 
so  well  known  to  Fourth-of-July  celebrations,  has  been  responsible 
for  many  cases.     Here  it  would  seem  that  there  is  a  combination 
of  predisposing  causes — youth,  anatomical  situation,  a  lacerated  or 
a  penetrating  wound,  dirt  from  the  street,  and  finally  fragments 
of  gravel  from  the  detonating  composition.     The  presence  of  for- 
eign bodies  in  wounds  has  always  been  supposed  to  be  a  frequent 
cause  of  tetanus.     The  wound,  however,  may  be  extremely  slight, 
as  a  contused  wound  of  the  toe  with  or  without  fracture,  a  trivial 
affair;  but  if  the  bacillus  has  found  a  suitable  lodging  and  is  well 
protected  from  oxygen,  the  development  of  the  organism  will  be 
possible.     The  penetrating  nature  of  gunshot  wounds,  such  as  are 
inflicted  in  battle,  combined  with  certain  predisposing  causes,  ex- 
plains the  relative  frequency  of  tetanus  in  military  surgery.     That 
tHere  should  be  a  certain  amount  of  inflammatory  reaction  in  the 
wound  is  to  be  expected  when  infection  has  taken  place;  but  the 
moderate  number  of  organisms   found  probably  accounts  for  the 
fact  that  more  marked  symptoms  of  inflammation  are  not  present. 
The  existence  of  such  symptoms  of  a  septic  inflammation  as  Poucet 
describes  can  probably  be  accounted  for  by  a  mixed  infection. 

The  testimony  as  to  the  post-mortem  changes  in  tetanus  is.  cgstafc 


, 


conflicting.  As  a  rule,  evidence  of  inflammation  of  the  brain  and 
its  meninges  is  wanting,  but  a  number  of  observations  point  to 
inflammation  in  the  upper  portions  of  the  cord.  The  great  diffi- 
culty in  preparing  so  delicate  structures  for  microscopical  study 
throws  doubt  on  many  of  the  reports,  but  enough  remains  to  prove 
that  inflammation  of  nerve-tissue,  both  central  and  peripheral,  is 
generally  present.  Doubtless  a  fresh  study  of  the  field  in  the  light 
of  the  present  bacteriological  knowledge  will  bring  out  many  inter- 
esting morbid  changes  hitherto  unobserved. 

Larrey,  after  the  battle  of  Waterloo,  performed  a  great  number 
of  autopsies  in  cases  of  tetanus,  and  found  evident  traces  of  inflam- 
mation of  the  cord  and  the  membranes.  Grinelle  (1857),  in  a  sum- 
mary of  52  cases  of  tetanus,  reports  that  29  presented  lesions  of  the 
cord  and  the  membranes.  In  3  changes  were  noticed  in  the  brain, 
and  in  11  in  the  nerves  and  muscles.  Lockhart  Clarke,  the  best 
authority  of  the  time,  found  in  six  cases  lesions  of  the  cord  of 
different  kinds  and  of  surprising  extent.  He  says:  "It  seems  to 
consist  precisely  of  disintegration  and  softening  of  a  portion  of  the 
gray  substance  of  the  cord,  which  appeared  in  certain  parts  to  be 
in  a  state  of  solution." 

Ranvier,  however,  examined  four  cases  from  four  to  twelve 
hours  after  death,  and  prepared  the  cords  for  microscopical  exam- 
ination with  the  greatest  care,  but  failed  to  find  anything  abnor- 
mal. Verneuil  believes  that  the  lesions  are  dependent  entirely 
upon  reflex  action,  and  Brown-Sequard  expresses  the  theory  tha" 
the  morbid  changes  are  due  to  an  ascending  neuritis ;  and  indeed^; 
in  many  cases  there  is  a  redness  of  the  neurilemma  of  the  nerve^^- 
corresponding  to  the  locality  of  the  wound.  Both  Michaud  anc^- 
Aufrecht  found  lesions  in  the  lumbar  portions  of  the  cord.  Laveran*-^ 
examined  the  nerves  of  a  patient  who  died  of  tetanus  following  ^* 
amputation  of  the  leg.  He  found  proliferation  of  connective  Ussum^m 
in  the  tibial  nerve,  but  no  changes  in  the  cord. 

In  America,  Amidon  claims  to  have  found  extensive  chan; 
in  the  nervous  system;  small  thrombi  and  exudation  in  the  du 
mater;  degenerative  changes  in  the  brain;  evidences  of  inflammr^^^ 
tory  changes  at  the  points  of  origin  of  the  cerebro-spinal  neno 
and  lesions  in  the  cord.     Jewell  thinks  there  is  little  doubt  tBC — ^ 
there  is  usually  irritative  disease  in  certaiu  not  very  well  defi^^./ 
tracts  of  the  gray  matter  of  the  spinal  cord  and  the  medulla  obi. 
gata,  more  especially  of  the  latter.      "From  these  central  dise^g^ 
parts  excitations  are  propagated  along  the  motor  tract,  down  ^ 
medulla   and   cord,   and   ttience  along   the    motor  nerves  to  rt,c 
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affected  muscles."  In  the  spinal  cord  the  chief  seat  of  the  dis- 
order, he  thinks,  appears  to  be  in  the  posterior  cornua  and  the 
contiguous  central  gray  matter,  the  disease  at  times  invading  the 
related  white  columns.  Such  changes  are  more  frequent  in  the 
cervical  portion,  but  the  appearances  observed  depend  greatly 
upon  the  duration  of  the  case.  Neither  the  motor  nor  the  sen- 
tracts  are  invaded  alone,  but  the  precise  point  of  irritation 
appears  to  be  in  an  intermediate  region  through  which  transfers 
in  reflex  action  are  made,  and  there  is  consequently  great  exaltation 
in  the  reflex  irritability  in  this  disease. 

This  brief  review  of  the  question  is  enough  to  satisfy  one  that 
the  vims  acts  with  more  or  less  power  chiefly  upon  the  nervous 
centres  of  the  cord  and  the  medulla,  but  the  data  do  not  yet  seem 
to  be  sufficient  to  establish  the  fact  of  multiple  neuritis  or  irritation 
of  the  trunks  or  branches  of  the  nerves  over  and  above  that  of  other 
es  to  which  the  virus  may  be  conveyed. 
The  diagnosis  of  tetanus  is  usually  not  difficult  in  the  fully- 
developed  stage  of  the  disease,  but  it  is  in  the  earliest  stages  that 
the  surgeon  should  be  warned  of  what  is  about  to  come.  Stiffness 
of  the  jaws  may  be  due  to  inflammatory  affections  of  the  mouth  or 
the  teeth  or  to  abscess  of  the  cervical  glands.  When  the  external 
signs  of  inflammation  are  wanting,  the  latter  source  of  disturbance 
might  be  overlooked. 

Rheumatic  inflammation  of  the  teinporo-m  axillary  articulation 
may  also  prevent  the  patient  from  opening  his  mouth,  but  the  signs 
of  local  inflammation  are  not  difficult  to  discover  if  carefully  sought. 
Hysterical  contraction  of  the  masseter  muscles  is  not  likely  to  give 
rise  to  a  mistake  in  the  diagnosis,  for  the  surgeon's  attention  is  not 
usually  called  to  such  a  condition  until  time  has  long  since  solved 
the  question.     Colles  of  Dublin  undertook  to  describe  the  different 
forms  of  reflex  contractions  which  may  be  mistaken  for  tetanus. 
Temporary  spasms  following  the  dressing  of  a  painful  wound  men- 
«I  by  him  would  not  probably  lead  to  a  mistake  in  diagnosis. 
Tetanic  spasms  due  to  peripheral  irritation  of  the  nervous  sys- 
tem, such  as  by  a  scar  or  a  foreign  body,  are  at  times  severe,  and, 
according  to  some  authors,  may  be  fatal.     Some  of  these  cases  are 
probably  true  infective  tetanus;  others  may  be  examples  of  severe 
Teflex  irritation,  and  Larrey's  case  of  sudden  cure  following  the 

I  division  of  a  scar  may  have  been  one  of  this  type. 
The  question  of  death  by  tetanus  or  by  strychnia-poisoning  has 
been  raised  in  medico-legal  cases.    In  the  latter  condition,  however, 
there  is  usually  no  lock-jaw,  and  if  the  masseters  are  affected  at  all^ 
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it  is  toward  the  end  of  the  scene.  In  strychnia-poisoning  there  is 
hyperesthesia  of  the  retina  and  objects  seen  are  colored  gTecn. 
During  a  paroxysm  the  mouth  foams,  the  jaws  are  joined  together, 
and  the  teeth  lacerate  the  tongue.  There  is  also  spasm  of  the  mus- 
cles of  the  limbs  and  body,  with  arching  of  the  back,  which  symp- 
toms with  laryngismus  are  first  in  order  to  appear.  When  the  dose 
is  small  and  is  repeated,  there  will  be  a  corresponding  intermission 
and  a  return  of  all  the  symptoms.  In  tetauus  the  disease  begil 
with  mild  symptoms,  and  it  is  progressive  and  continuous.  In 
acute  poisoning  the  symptoms  may  last  only  for  a  few  minutes. 
In  temperate  climates  the  most  acute  forms  of  tetauus  last  frc 
two  to  three  days. 

Ti  ta)i\\  which  it  might  be  supposed  would  resemble  tetam 
a  disease  not  often  seen  in  America:  it  affects  chiefly  young  persons, 
and  consists  in  tonic  spasms  of  various  groups  of  muscles,  most 
frequently  those  of  the  upper  extremities.     The  attack  is  precede 
by  vague  tingling  pains,   followed  by  a  sense  of  stiffness  iu  X\ 
affected  group.     The  position  of  the  hand  during  the  spasm 
peculiar,   resembling   the  posture  of   the  accoueher's  hand    when 
about  to  make  a  vagiual  examination.     Opisthotonos  may  occur, 
bttt  there  is  never  trismus,     The  attacks  are  short  and  are  more  or 
less  localized,  and  Trousseau's  symptom,  seen  in  no  other  convul- 
sive disease,  is  always  present.      This  symptom  consists  in  the 
peculiarity   that   pressure   upon   the   nerve-trunk   leading   to  th« 
affected    group    of    muscles    always   brings    on    a  characteristic 
attack. 

The  febrile  nature  of  meningitis  and  the  frequency  with  whicl^— ^ 
it  is  accompanied  by  pain  in  the  back  of  the  head,  as  well  as  b-^^. 
the  absence  of  the  great   reflex  excitability,  serve  to  distinguis"^^ 
that  affection  from  tetauus. 

Hydrophobia  is  supposed  by  some  authors  to  resemble  I'Mt^^jy 
owing  to  the  difficulty  of  swallowing  which  occasionally  arises  E  jn 

the  latter  disease.    Any  one  who  has  once  seen  both  diseases  wou^^..^ 
find  no  difficulty  in  distinguishing  them.     The  portraits  of  the  t\*-  jt«o 
diseases  are   indeed  strikingly  different.      The   countenance  a-  ^ 
bearing  of  the  hydrophobic  patient  are  those  of  excitement  &*m^and 
mental  distress.     In  the  early  stages  of  hydrophobia  the  patios  jm 
does   not   take   to  his   bed,  and   the  so-called   "spasm"  appe-^^u 
only  on  attempting  to  swallow,  and  it  is  limited  to  the  I 
of  deglutition  and  respiration.     The  facial  paralysis  is  a  sufficw^ 
guide  to  diagnosis  in  tetanus  hydrophobicus,  where  there  is  df  xfij* 
culty  in  deglutition.    External  muscular  spasm  is  the  character*. 


feature  of  tetanus.  There  is  no  mental  excitement;  although  the 
muscles  of  the  face  are  distorted,  the  expression  of  the  eye  is  natural. 
It  is  the  endeavor  of  the  tetanic  patient  to  keep  as  still  as  possible, 
whereas  the  hydrophobic  patient  is  constantly  moving  about.  In 
ihe  later  stages  mania  is  present  in  hydrophobia,  but  in  tetanus 
the  mind  is  clear  to  the  last. 

The  prognosis  of  tetanus  depends  almost  entirely  upon  the 
acuteness  of  the  symptoms.  Acute  tetanus  is  one  of  the  most 
fatal  of  diseases.  In  chronic  tetanus  the  percentage  of  mortality 
is  very  much  lower.  According  to  Hippocrates,  the  patient  dies 
on  the  third,  the  fifth,  the  seventh,  or  the  fourteenth  day.  If  he 
survive  this  period  he  recovers.  According  to  the  tables  of  the 
Surgical  History  of  the  War,  of  337  deaths,  287  occurred  during 
the  first  week  of  the  disease.  On  the  eighth  day  there  were  but  7 
deaths.  In  Yandell's  415  cases  there  is  a  marked  falling  off  in 
lis  on  the  fifth  day,  when  there  were  but  11  deaths,  from  which 
time  the  percentage  steadily  diminished. 

Traumatic  tetanus  appears  to  be  more  fatal  than  idiopathic 
tetanus.  Those  cases  occurring  after  injury  received  upon  the 
field  of  battle  appear  to  be  the  most  fatal  of  all.  In  the  Civil 
War  505  cases  are  recorded,  of  which  451,  or  89.3  per  cent., 
died. 

Poncet  found  a  mortality  of  90.6  in  713  cases;  of  Yandell's 
cases,  which  were  collected  from  various  sources,  213  recovered 
and  182  died. 

The  date  of  invasion  of  the  disease  is  an  important  element  in 

the  prognosis.     In  Yandell's  cases  the  disease  supervened  in  two 

"Weeks  after  the  injury  in  196  cases:  of  these,  62.5  per  cent,  died, 

*  But  when  tetanic  symptoms  are  delayed  until  the  fourteenth  day 

recoveries  are  notably  in  excess  of  deaths— 23  per  cent."     Tetanus 

en  more  frequently  in  the  male  sex,  and  it  is  a  disease  of  early 

life:  cases  are  rarely  seen  in  patients  over  fifty  years  of  age.     The 

gravity  of  the  wound  does  not  appear  to  have  any  influence  upon 

tHe  severity  of   the  disease.       It  must  not  be  forgotten  that  the 

SgTires  mentioned    above  do  not  take   into    consideration   tetanus 

of  the  tropics.     There  the  disease  is  not  only  much  more  fatal, 

t>nt  is  also  much  more  frequent.     According  to  Poncet,  the  num- 

ber  of  deaths  from  tetanus  in  England  amounts  to  0.0031  of  the 

total  mortality,  but  in  Bombay  the  figures  rises  to  3.9  per  cent. 

TTie  disease  in  that  locality  may  prove  fatal  in  a  few  hours  after 

the  most   trivial   injuries  or  even  when   produced  by  a  sudden 

chill 
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The  treatment  of  few  diseases  has  been  the  object  of  such  va 
medication  as  tetanus.     Not  only  is  the  number  of  remedies  i 
great  to  attempt  even  an  enumeration,  but  such  a  variety  is 
used  in  most  cases  as  to  render  it  difficult  to  judge  of  their  resj 
ive  values. 

Yandell,  after  a  careful  study  of  this  question,  concludes  tl 
no  one  agent  can  justly  be  said  to  possess  a  decided  superic 
over  any  other.  No  attempt  is  made  to  draw  any  conclusions 
the  treatment  employed  in  the  cases  which  occurred  during 
Civil  War.  Yandell  places  chloroform  at  the  head  of  the  list 
cases  of  acute  tetanus,  but  also  makes  the  significant  statement  tl 
when  tetanus  continues  fourteen  days  recovery  IS  the  rule  and  de< 
the  exception,  apparently  independent  of  the  treatment. 

Among  the  internal  remedies  which  have  enjoyed  a  more  th 
usual  reputation  may  be  mentioned  Calabar  bean,  chloral,  cannai 
indica,  curare,  nitrite  of  amyl,  quinine,  and  opium.  Calabar  be* 
or  its  active  principle,  when  given  in  small  doses,  relieves  the  mi 
cular  contraction,  the  jaws  relax,  the  head  reposes  quietly  upon  t 
pillow;  if  given  in  large  doses,  the  spasm  appears  greatly  agg: 
rated.  Poncet  explains  the  favorable  action  of  the  drug  b\ 
effect  upon  the  conductibility  of  the  motor  nerves,  by  which  t 
muscular  system  is,  as  it  were,  isolated  from  the  nerve-cent 
He  prefers  to  give  it  by  the  mouth  rather  than  by  subcutant 
injection,  as  the  dose  can  more  carefully  be  regulated  and 
action  of  the  drug  can  better  be  observed  by  this  method, 
i  to  i^  grains  of  the  extract  may  be  given  by  the  mouth  ej 
four  hours,  or  from  15  to  20  drops  of  a  1  per  cent,  solution  ma 
injected  subcutaneously.  The  statistics  of  Knecht  give  a  mor 
of  45  per  cent,  in  60  cases  in  which  this  drug  was  used. 

Chloral    seems   to   be    most    efficacious    in    chronic  tetanl 
relieves  pain  and  prevents  spreading  of  the  muscular  spasj 
recurrence  of  the  convulsions.     It  appears  to  act  by  dim  it 
reflex  excitability  in  the  nerve-centres.     It  may  be  continj 
one  or  two  weeks  at  a  time,  and  in  this  way  an  almost  uninte 
sleep  may  be  maintained,  which  paves  the  way  to  convalj 
In   large  doses  (from   100  to  200  grains  a  day)  chloral  wi| 
muscular  spasm  in  acute  tetanus,  but  it  does  not  appea^ 
any  appreciable  effect  upon  the  mortality.     According 
as  much  as  1120  grains  have  been  given  in  twenty-fouj 

Ore1  of  Bordeaux  cured  one  of  his  patients  by  the  it 
injection  of  chloral:  10  grammes  of  chloral  dissolved  in  2c 
of  water  were  injected  into  the  right  cephalic  vein  in  til 
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nine  minutes*,  cyanosis  disappeared  at  oncet  and  all  muscular  con- 
traction ceased  at  the  end  of  the  operation;  the  patient  fell  into  a 
quiet  sleep.  The  relief  was  in  another  case  only  temporary,  and 
in  fifteen  minutes  the  symptoms  had  returned. 

Chloroform  may  be  administered  by  inhalation.  Poncet  relates 
a  case  where  anaesthesia  was  produced  six  times,  and  at  the  last 
administration  respiration  suddenly  ceased,  but  it  was  restored  by 
"icial  means,  and  the  patient  finally  recovered  under  the  con- 
tinuous treatment  of  opium.  Simouriu  administered  chloroform 
by  keeping  upon  the  breast  of  the  patient  a  napkin  upon  which 
chloroform  was  dropped.  The  room  was  a  small  one,  and  the 
patient  was  thus  exposed  to  the  influence  of  the  drug  during 
twenty-two  days.  The  patient  recovered.  Certain  it  is  that  the 
\i  evidence  is  in  favor  of  the  sedative  action  of  this  drug- 
on  the  nervous  system  in  cases  of  tetanus,  as  compared  with  that 
of  other  remedies  of  this  class.  Its  action  is  said  to  be  not  so 
enduring  as  that  of  chloral. 

Opium  does  not  appear  to  enjoy  the  popularity  of  chloral  and 
chloroform.      Large  doses  are  required,  and  the  digestive  disturb- 
caused  by  the  drug  is  a  contraindication  to  its  use.     Adminis- 
tered hvpudermically,  it  gives,  however,  great  relief  in  some  cases. 
The  dose  required  is  sometimes  enormous,  considering  that  the 
patient   has  but  a  short    time   to  become  habituated   to  the  drug, 

tThe  writer  has  known  a  young  man  to  receive,  before  relief  from 
pain  was  obtained,  one  hundred  grains  of  morphine  in  the  twenty- 
lour  hours. 
Bromide  of  potassium  may  be  used  in  connection  with  chloral 
>r,  in  the  convalescent  stage,  as  a  substitute  for  that  drug,  but  it 
is  altogether  too  mild  a  remedy  to  produce  any  appreciable  effect 
it\  the  more  active  stages  of  the  disease.     The  writer  should  hardly 
advise  the  surgeon  to  waste  time  in  experimenting  with  anv  of  the 
other  drugs  that  have  been  used  in  the  treatment  of  the  disease. 
Those  already  mentioned  are  of  use  only  by  virtue  of  their  sedative 
llities,  and  they  cannot  be  regarded  as  curative  agents.     They 
relieve  the  most  overpowering  of  the  symptoms,  and   in  this  way 
jjivethe  patient  strength  to  live  through  the  period  during  which 
the  virus  is  iu  in  active  stage  of  development. 

So  far  as   local    treatment    is    concerned,    it   is   important    to 

remember   that   antiseptics,    to   be  of  any   use,    must   reach   the 

Hi,  which  are  already  deeply  imbedded  in  the   recesses  of  a 

punctured  wound.      Those  exposed  to  the  air,  being  anaerobic,  are 

not  likely   to   develop.      Punctured    wounds,    therefor    ^\\o\\V\ 
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thoroughly  be  laid  open  and  disinfected  if  there  is  an 
suspect  that  infection  has  taken  place.  This  infection  is 
likely  to  occur,  as  has  already  been  shown,  when  dirt  or  d 
driven  in  with  the  penetrating  foreign  body.  The  large  ma 
of  punctured  wounds  recorded  in  Yandell's  cases  were  ini 
by  nails  penetrating  the  foot.  Any  dressing  applied  should 
arranged  that  free  drainage  will  be  possible.  A  dry  drei 
which  might  seal  up  a  small  opening,  would  in  such  case  tx 
a  source  of  danger.  Many  a  case  of  tetanus  has  doubtless 
warded  off  in  pre-antiseptic  days  by  an  old-fashioned  pou 
which  has  favored  suppuration  and  the  discharge  of  the  dang 
bacilli.  In  those  cases  to  which  attention  has  already  been  c 
where  nerve-irritation  is  a  prominent  feature,  the  reflex  excita 
has  been  greatly  diminished  by  nerve-section.  Some  cases  se 
have  been  cured  by  this  operation,  but  in  true  tetanus  the 
that  can  be  expected  from  this  method  is  the  removal  of  a  p 
fully  disturbing  influence  on  the  nerve-centres.  Permanent  ; 
ysis  may  of  course  result,  but  union  may  subsequent!)'  take 
between  the  divided  ends  of  the  nerve.  Nerve-stretching  ha- 
been  tried,  but  the  results  have  not  been  encouraging,  althoti 
isolated  cases  it  has  produced  marked  relief.  Nerve-stretchi 
not  to  be  thought  of  except  in  special  cases  when  local  indie; 
seem  to  demand  this  operation.  When  a  nerve  is  bound  do^ 
a  cicatrixt  it  should  be  dissected  out  and  thus  be  freed  (i 
source  of  painful  irritation.  In  certain  cases  when  the  wou 
foul  or  is  irritating,  or  when  great  laceration  has  exposed 
mangled  nerve-trunks,  amputation  may  be  necessary. 

The  great  sweating  which  is  so  characteristic  of  tetanu 
suggested  the  use  of  warm  baths  and  of  other  diaphoretics 
means  of  imitating  Nature's  method  of  relief.  It  is  possibh 
some  of  the  ptomaines  may  be  eliminated  in  this  way:  it  is  un1 
that  many  of  the  bacilli  would  find  their  way  into  the  swcal-gl 
as  bacteria  are  not  usually  so  eliminated.  The  hot  bath 
relief  to  the  spasms  while  the  patient  is  immersed,  but  rer 
from  the  bath  brings  the  patient  in  contact  with  cooler  ir 
which,  together  with  the  necessary  disturbance,  excite  new 
vulsive  movements.  A  vapor  bath  may  be  administered  t 
patient  while  in  bed.  The  vapor  bath  constitutes  one  of  the 
sical  forms  of  treatment  handed  down  from  early  times 
writer  has  seen  it  thoroughly  tried  without  other  result 
increase  the  patient's  distress. 

In  1890,  Belirvng  and  ¥AlasaX.o  \v\a\A\sY\sA  ^>\\\a.  ?*^erimc 


reference  to  the  origin  in  animals  of  immunity  to  diphtheria  and 
tetanus.     According  to  these  investigators,  the  acquired  immun- 
ity depended   upon  some  property  of  the  blood-serum  developed 
bv  protective   inoculations,    and   with    this  curative   serum   they 
were  not  only  able  to  render  animals  insusceptible,  but   also  to 
cure  already  infected  animals.     This  immunity  was  brought  about 
ie  injection  of  cultures  of  the  tetanus  bacillus,  whose  activity 
h.id  partially  been  destroyed  by  the  addition  of  trichloride  of  iodine. 
By  diminishing  the  amount  of  the  iodine  the  strength  of  the  viru- 
lent culture    could   be    increased.      The  serum   of  animals   thus 
rendered  immune  could  be  used  on  other  animals  as  a  protective 
or  curative  agent.    Tizzoni  and  Catani  produced  a  protective  result 
in  animals  by  injecting  very  small  doses  of  tetanus  culture  at  first, 
later  by  gradually  increasing  the  amount  of  the  culture.    They 
were  not  able,  however,  to  produce  any  therapeutic  results  on  ani- 
mals with  the  serum  of  the  animals  so  treated.     The  active  princi- 
ple of  the  culture  they  called  a  "tetanus  antitoxine,"  which  may 
be  obtained  by  precipitation  by  alcohol,  and  when  used   it  is  dis- 
i  in  water  or  in  glycerin.     (See  Appendix. )     The  curative 
effect  of  this  blood-serum  does  not  seem  to  have  proved  so  pow- 
erful as  was  at  first  anticipated,  and  it  is  denied  altogether  by 
some  observers.      Other  observers  have  succeeded,   however,  in 
caring  animals   when    the   treatment   was   begun   soon  after  the 
onset  of  the  symptoms  of  tetanus. 

Fourteen  cases  of  the  disease  in  man  have  been  treated  by  the 
methods  of  Tizzoui  and  Catani;  of  these,  ten  were  adults,  who 
were  all  cured.  There  were  four  cases  of  tetanus  neonatorum, 
three  of  which  terminated  fatally.  This  method  consisted  in  in- 
jecting a  watery  solution  of  the  antitoxine  and  in  repeating  the 
dose  daily.  No  unfavorable  symptoms  followed  the  administra- 
tion of  these  closes  in  any  of  the  cases.  An  analysis  of  the  favor- 
able cases  shows,  however,  that  the  majority  of  them  were  exam- 
ples of  chronic  tetanus.  The  cases  reported  by  Roux  and  Vail- 
lard  were  also  mild  in  type.  It  is  therefore  doubtful  whether  this 
new  treatment  is  efficient  in  the  acute  type  of  the  disease. 

Perhaps   in    no  disease   should   the  comfort   of  the  patient  so 
carefully  be   studied.     Before  active   symptoms   have   set   in  the 
patient   should    be    placed    alone    in   a  room  so  situated  as  to  be 
quite  free   from   disturbance   of  any   kind,    if   that   be   possible. 
light  should  be   dim   and  the  temperature  should   carefully 
he  Tegulated.     Officious  nursing  should   be   avoided.      Nourish- 
ment is  needed  to  sustain  strength,  and  stimulants  may  be  given 
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in  such  combinations  as  to  be  least  irritating  to  the  throat 
inay  be  necessary  to  use  the  catheter  or  to  produce  an  action  of 
bowels.  Skilled  nursing  should  accomplish  these  tasks  witU 
undue  excitement  of  the  hvperaesthetic  nerves.  With  such  min 
care  and  attention  to  details  as  these  rules  imply  treatment  may 
Nicaise  justly  says,  make  chronic  some  cases  of  tetanus  that  beg 
as  acute.  Every  day  added  to  the  patient's  life  after  the  first  \io 
of  the  disease  increases  greatly  his  chances  of  recovery.  Even  tl 
most  acute  cases  sometimes  get  well,  so  that  the  surgeon  should  1 
encouraged  to  exert  all  the  skill  in  his  power  or  bring  to  bear  a 
the  resources  of  a  great  hospital,  even  in  the  most  desperate  case 
with  some  hope  of  saving  life. 


XIX.    HYDROPHOBIA, 

Hydrophobia  is  a  disease  of  man  caused  by  inoculation  from  a 
rabid  animal  due  to  a  specific  virus  in  the  saliva.  Hydrophobia, 
principally  affects  the  nervous  system,  is  characterized  by 
peculiar  paroxysms  of  suffocation,  brought  on  chiefly  by  attempts 
at  swallowing,  by  a  catarrhal  affection  of  the  fauces,  by  a  more  or 
less  pronounced  febrile  disturbance,  and  by  an  acute  mania.  The 
t<nn  rabies — or  less  frequently  lyssa — is  applied  to  the  same  disease 
in  animals. 

Rabies  is  frequently  observed  In  herbivorous  animals,  such  as  the 

ox,  the  horse,  or  the  sheep.     It  is  more  commonly  found  in  the  car- 

nivora,  such  as  the  cat,  the  fox,  the  jackal,  the  wolf,  and  the  dog. 

Afore  rarely  it  is  observed  in  the  skunk,  in  swine,  in  birds,  and 

even  in   domestic  poultry.     Rabbits  are  susceptible  to  the  virus, 

and  they  are  used  principally  in  experimental  inoculations.     The 

disease   is  always   communicated   by    inoculation   from   animal   to 

animal  or  from  animal  to  man,  and  does  not  arise  de  novo. 

Infection  does  not  always  follow  the  bite  of  a  rabid  animal:  the 

lar^e  majority  of  persons  bitten  are  supposed  to  escape,  but  in  most 

cases  this  immunity  is  due  to  protection  by  the  clothing  or  the  fail- 

ure  to  penetrate  the  epidermis,  or,  more  probably  still,  to  the  fact 

tit* st  the  supposed  rabid  animal  did  not  suffer  from  rabies.     Bites 

omcx.   exposed  portions  of  the  body  by  animals  undoubtedly  mad  are 

I>x-obably  followed  by  hydrophobia  in  the  large  majority  of  cases. 

le  disease  is  not  always  caused  by  a  bite,  for  a  previously  existing 

und  or  an  abrasion  may  be  inoculated  by  the  saliva  conveyed  by 

tongue  of  the  animal  while  licking  the  skin  of  its  master. 

In  the  dog  the  disease  presents  two  types,   the  dumb  and   the 

fix  xiotis  rabies.     In  the  furious  form  a  change  is  first  noted  in  the 

atfoits  of  the  animal.      He  becomes  uneasy  and  depressed,  and  is 

d.  XTill,  wandering  aimlessly  about  and  hiding  in  obscure  corners.    In 

is  early  stage  his  saliva  is  already  poisonous,  and,  as  he  occasion- 

tendencv  to  be  affectionate  to  some  other  animal  of 

e  household  or  to  his  master,  his  caresses  are  dangerous.     Fre- 

c^xxently,  however,  if  disturbed,  he  growls  and  shows  no  inclination 

t_<z»  move,  but  will  still  obey  the  voice  of  his  master.     He  is  subject 

hallucinations,  and  will  snap  and  snarl  at  imaginary  o\s^c\&, 

i& 
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Dolexis  mentions  the  case  of  a  bull-terrier  which  was  observed  to 
peck,  like  a  hen,  at  the  hay  scattered  about  the  floor  of  the  stable 
when  there  were  no  other  symptoms.  He  was  isolated  and  died  of 
rabies.  The  symptom  of  hydrophobia  does  not  exist  in  the  dog:  on 
the  contrary,  the  dry  and  swollen  state  of  the  mucous  membrane  of 
the  fauces  causes  him  to  seek  water  to  slake  his  thirst.  The  animal 
will  plunge  eagerly  into  the  water  and  bury  his  head  beneath  it  to 
relieve  this  symptom-  Rabid  animals  have  been  known  to  swim  a 
stream  to  attack  animals  on  the  opposite  bank. 

At  first  the  dog  takes  his  nourishment  as  usual,  but  he  soon 
becomes  voracious  in  his  appetite,  and  in  intense  forms  of  the  dis- 
ease he  often  exhibits  a  depraved  taste,  avoiding  ordinary  food,  but 
tearing  all  kinds  of  objects  and  swallowing  the  fragments.    He  may 
even  swallow  his  own  excrement.    The  quantity  of  the  saliva  is  not 
great  at  first,  but  it  is  more  abundant  in  the  earlier  stages  than 
later.     It  then    becomes  tenacious,    adhering   to  the   gums,  wJjC" 
appears  almost  as  white  as  snow.     The  dog's  bark  is  quite  cha-_^J 
racteristic:  it  is  at  first  husky,  and  in  some  cases  ends  in  a  plaintive- 
howl  somewhat  like  that  of  a  dog  barking  at  the  moon.    The  sighr-^-, 
of  another  dog  generally  brings  on  a  paroxysm  of  rage — a  symptot^- 
sufficiently  marked  and  constant  to  be  of  value  in  cases  of  doubtfi*-^- . 
diagnosis.     The  affected  brute  will  pass  by  other  animals  and  mgg-^ 
to  attack  another  dog.      He  is  usually  quite  insensible  to  pain: 
red-hot  poker  may  be  grasped  and  held  in  the  mouth.      He  can  ~        ^ 
beaten  without  exhibiting  signs  of  pain,  and  often  commits  ser^^jf. 
inflicted  wounds.     There  may  be  great  sensitiveness  of  the  scar  ,/ 

his  cicatrized  wound. 

As  the  disease  progresses  there  is  marked  inability  to  swall 
either  fluids  or  solids,  and  loss  of  strength  is  often  progressive 
rapid.     The  respiration   is  hurried.      During  the  later  periods 
the  disease  delirium  becomes  a  marked  symptom.     The  anima~""3  i$ 
now  seized  with  a  desire  to  escape  from  the  house,  and  it  is  dur~ 
this  stage  that  he  becomes  dangerous.     His  pupils  are  dilated,   ^aod 
his  expression  is  terrible  in  its  fierceness.     He  now  attacks  all  <wmf 
mals  within  reach,  and  also  man.      While  biting  and  tearing  h*^^ 
according  to  Suzor,  always  silent;  unlike  the  non-rabid  dog,  wli/ci 
fights  and  barks  at  the  same  time.     This  stage  is  followed  by    one 
of  great  prostration.     His  gait  is  now  tottering  and  his  sen 
dulled.     After  wandering  about  for  a  few  hours,  or  it  may  be  d 
paralysis  of  the  hind-quarters  supervenes,  and  he  dies  of  i 
tion  and  asphyxia.     The  disease  usually  lasts  from  six  to  eight 
days,  but  it  may  be  prolonged  for  several  days. 


s         0/ 


The  period  of  incubation  of  rabies  varies  from  three  to  four  weeks. 
ft  is  occasionally  very  much  longer.  In  nearly  every  case  the  disease 
terminates  fatally. 

Dumb  ratrit:s  is  commoner  than  the  furious  form.     The  initial 

Mtoms  closely  resemble  those  of  furious  rabies.     The  voice  in 

dumb  rabies  is  much  altered  from  the  first,  and  in  the  later  stages 

it  is  lost     The  expression  is  sad  and  startled:  the  mouth  is  open. 

owing  to  the  paralysis  of  the  lower  jaw,  and  the  tongue  hangs  out 

dry  and  discolored  and  covered  with  dirt.     Persons  not  acquainted 

with  these  symptoms  might  suppose  the  animal  to  be  suffering 

from  a  bone  lodged  in  the  throat,  and  would,  in  making  efforts  to 

remove  it,  certainly  expose  themselves  to  inoculation.      Paralysis 

of  the  hinder  extremities  supervenes,  and  it  is  soon  followed  by 

death.     The  symptoms  in  rabies  appear  to  vary  according  to  the 

regions  of  the  cord  which  may  be  chiefly  affected. 

On  post-mortem  examination  the  mucous  membrane  of  the 
mouth  and  the  tongue  is  found  to  be  of  a  livid  color.  Ulcera- 
tions of  the  mucous  membrane,  supposed  to  be  due  to  vesicles 
characteristic  of  the  disease,  are  frequently  caused  by  the  swal- 
lowing of  foreign  bodies  of  various  kinds,  such  as  stones,  straw* 
hair,  and  glass,  with  which  the  stomach  is  found  to  be  filled. 
There  is  great  congestion  of  the  tracheal  and  bronchial  mucous 
membranes,  and  there  is  a  marked  contraction  of  the  bladder. 
Congestion  of  the  central  nervous  system  is  also  found. 

The  etiology  of  hydrophobia  in  man  is  not  yet  fully  explained, 
Pasteur  has  been  unable  to  demonstrate  any  form  of  bacteria  which 
can  be  identified  with  the  disease.  Fol  and  Rivolta  have  lately 
described  a  coccus  in  this  disease,  but  their  observations  have  not 
been  confirmed  by  others.  The  virus  is  probably  never  absorbed 
through  the  mucous  membrane:  Doleris  mentions  cases  of  persons 
who  had  eaten  with  impunity  the  flesh  of  rabid  animals.  The  bites 
of  certain  species  are  said  to  be  more  dangerous  than  those  of  other 
animals.  In  Russia  it  is  believed  that  wolves  are  more  dangerous 
than  any  other  animals,  and  in  America  the  bite  of  the  skunk  is 
greatly  dreaded.  There  is  probably  no  difference  in  the  strength 
of  the  virus  in  these  animals,  the  more  frequent  poisoning  being 

I  probably  due  to  their  sharp  teeth  and  to  the  greater  certainty  of 
inoculation  through  the  penetrated  skin. 
The  period  of  the  year  is  supposed  to  exert  a  favorable  influence 
upon  the  development  of  an  epidemic  of  hydrophobia.    The  results 
of  the  work  of  Pasteur's  Institute  show  that  the  disease  is  not  con- 
fined to  any  one  period  of  the  year,  and  that,  contrary  to.  l\\e.  com- 


mon  belief,  it  is  not  a  disease  of  the  summer  months.  Two  at 
out  of  four  cases  which  have  come  under  the  writer's  observati 
occurred  during  the  summer.  Pasca  of  Milan  found  the  disez 
occurred  more  frequently  during  the  spring  and  autumn  montl 

The  period  of  incubation  of  the  disease  in  man  is  quite  variab 
although  the  first  symptoms  usually  make  their  appearance  in  t 
second  month  after  exposure.  According  to  Brouardel,  the  dise: 
rarely  occurs  after  the  third  month,  and  quite  exceptionally  atf 
the  sixth  month.  The  symptoms  manifest  themselves  earlier  wh 
the  bites  are  numerous  and  severe,  and  they  appear  also  earlier 
children  than  in  old  people.  Cases  are  quoted  where  the  disease 
said  to  have  supervened  several  years  after  infection,  but  the  exte 
si  on  of  the  period  of  incubation  beyond  those  above  named  is  to 
received  with  caution. 

The  disease  appears  to  be  very  much  commoner  in  France  th 
in  America.  Further  reference  will  be  made  later  to  the  numt 
of  cases  occurring  in  France,  In  the  city  of  New  York  there  wei 
during  a  period  of  thirty-five  years,  only  76  deaths  from  hydi 
phobia.  In  9  of  these  years  there  were  no  deaths,  and  it  has  twi 
happened  that  for  two  years  in  succession  there  was  not  a  deal 
In  Boston  and  its  vicinity  H.  C,  Ernst  reports  an  epidemic 
rabies  among  dogs  during  1889  and  1890,  some  60  cases  beii 
observed  at  the  Harvard  Veterinary  Hospital.  During  the  summ 
of  1890,  3  cases  in  man  were  observed  at  the  Boston  City  Hospifc 
from  2  of  which  material  was  taken  by  Ernst  and  successfu" 
inoculated  into  rabbits,  which  died  with  the  usual  sympti 

The  disease  may  appear  either  as  a  delirious  or  as  a  paraly= 
form,  precisely  as  in  the  dog,  but  the  delirious  form  is  the  van 
by  far  the  most  frequently  observed. 

The  first  stage  of  the  disease  is  characterized  by  melanchc^ 
It  is  marked  by  insomnia,  by  loss  of  appetite,  and  by  great  depM 
si  on  of  spirits,  and  occasionally  there  are  shooting  pains  fo>i 
radiating  from  the  seat  of  the  wound  or  in  the  affected  limb.  I 
case  reported  by  Shattuck  the  patient  first  complained  of 
pain  in  the  back  of  the  head  and  in  the  neck;  on  the  next  day 
went  as  usual  to  his  business,  but  he  returned  home  at  an  ea 
hour  much  depressed,  saving,  u  I  have  come  home  to  die,"  E 
Acuity  of  swallowing  appeared  on  the  same  day.  This  stage  dc 
not  last  more  than  twenty-four  or  forty-eight  hours,  although  son 
authors  have  described  cases  in  which  headache,  insomnia,  an 
anorexia  were  observed  for  three  weeks  previous  to  the  outb: 
hydrophobia. 


The  cases  seen  by  the  writer  had  all  reached  the  stage  when  that 
most  striking  symptom  of  the  disease — difficulty  in  swallowing — 
was  plainly  marked.  The  appearance  of  the  patient  at  this  time, 
although  not  presenting  symptoms  likely  to  attract  the  attention 
of  the  casual  observer,  is  most  characteristic.  The  picture  thus 
presented  is  one  not  likely  to  be  forgotten  or  to  be  mistaken  for  any 
other  disease.  On  entering  the  apartment  one  looks  around  invol- 
•!v  to  6nd  the  patient,  for  the  individual,  quietly  seated  with 
his  back  partly  turned  to  one,  is  dressed  in  his  ordinary  clothing 
and  gives  no  indication  of  suffering  from  any  abnormal  condition. 
A  brief  conversation,  however,  soou  brings  out  the  peculiarities  of 
the  case.  His  speech  is  perhaps  the  first  function  to  betray  the 
disease.  The  patient  appears  to  be  slightly  out  of  breath,  frequent 
short  inspirations  so  altering  his  conversation  as  to  give  to  it  the 
so-called  "sobbing  "  tone.  It  is,  indeed,  not  unlike  the  speech  of 
a  child  who  has  recently  been  crying  and  is  endeavoring  to  control 
itself  The  expression  of  the  face  at  this  time  varies  from  one  in 
no  wise  differing  from  a  perfectly  normal  condition  to  a  more  or  less 
wild  or  a  haggard  look  about  the  eyes.  Usually  there  is  an  appear- 
ance of  depression  or  of  anxiety,  like  that  of  a  prisoner  waiting  for 
foe  verdict.  But  the  most  crucial  diagnostic  test  is  the  glass  of 
R'ater. 

The  following  account  of  the  attempts  made  by  a  patient   to 

drink  is  given  by  Curtis,  with  whom  the  writer  saw  the  case  in 

Cc»risultation: 


"'A  glass  of  water  was  offered  to  the  patient,  which  he  refused  to  take,  say- 

tgT  that  he  could  not  stand  so  much  as  that,  but  would  take  it  up  from  a 

mil.     On  taking  the  water  in  the  spoon  he  evinced  some  discomfort  and 

ion,  but  continued  to  raise  the  spoon.     As  it  came  within  a  foot  of  his 

ie  began  to  gasp  violently,  his  features  worked,  and  his  hand  shook,     lie 

ally  almost  tossed  the  water  into  his  mouth,  losing  the  greater  part  of  it, 

<1  staggered   about   the  room,   gasping   and   groaning.      The   respiration 

fe'dned  at  this  moment  wholly  costal,  and  was  performed  w*ith  great  effort, 

«  elbows  lK-ing  jerked   upward  with  even'  inspiration.     The  paroxysm 

ited  about  half  B  minute.    The  act  of  swallowing  did  not  appear  to  distress 

ian,  for  he  could  go  through  the  motions  of  deglutition  without  any  trouble. 

i-'lv:  approach  of  liquid  to  his  mouth,  however,  would  at  once  cause  distress." 

It  will  be  noticed  that  the  u  spasm,"  as  it  is  called,  does  not 

involve  the   muscles  of   the   pharynx   and    the    oesophagus,    but 

affects  rather  the  mechanism  of  the  respiratory  apparatus.     It  is 

true  that   many  authors   report   spasms   of   the  muscles   of  the 

cut,  and  even  of  the  jaws  and  the  extremities,  but  these  are 

secondary  to  the  overpowering'  sense  of  suffocation.     The.  T>a\^\\.a- 
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tions  of  the  heart  are  also  violent,  and  the  cardiac  disturbai 
been  described  by  Dolc*ris  as  a  spasmc  anulatoirc.  Of  the  o 
of  the  hydrophobic  paroxysm  something  further  will  present 
said. 

Distress  is  also  caused  by  fanning  the  patient  or  by  exp 
to  a  draught  of  air  (at'raphabia).    In  one  case,  on  gently  passin 
fan  to  and  fro  behind  the  patient's  head  while  other  persons 
conversing  with  him,  the  writer  produced  a  disturbance  suffi 
to  cause  the  patient  to  spring  from  his  chair  and  to  walk  ra 
to  the  other  side  of  the  room.      The  patient  did  not  appear, 
ever,  to  be  conscious  of  what  had  disturbed  him.     In  another 
a  lump  of  ice  being  placed  in  the  patient's  hand,  he  flung  it 
him  with  expression  of  great  pain;  on  being  asked  what  his  s 
tions  were,  he  explained  that  it  felt  like  a  red-hot  coal. 

Already  at  the  end  of  the  first  day  the  mental  condition  o 
patient  is  evidently  impaired,  the  expression  of  the  eye  has  g 
more  wild,  and  the  speech  has  begun  to  be  somewhat  incoht 
Cephalalgia  is  a  frequent  symptom,  and  it  is  occasionally  of 
intensity.  In  one  of  the  paroxysms  of  the  case  already  referr 
the  patient  would  exclaim,  4k  For  God's  sake,  hold  my  head 
will  burst !" 

There  is  at  this  time  a  secretion  of  viscid  saliva,  which  ca 
seen  accumulating  about  the  teeth  and  the  lips.  The  irrit; 
of  the  fauces  is  great,  and  in  the  effort  to  expel  from  them 
adherent  secretions  there  is  developed  a  loud  and  abrupt  00 
which  has  probably  given  rise  to  the  tradition  that  such  pat 
"bark  like  a  dog." 

Presently  the  paroxysms  appear  to  come  on  spontaneously, 
patient,  who  by  this  time  has  become  fatigued  by  the  ner 
excitement,  by  the  exhausting  paroxysm,  and  by  the  inabilrl 
take  food,  has  been  persuaded  to  go  to  bed.     The  accumulate 
saliva  causes  attempts  to  swallow  or  to  expectorate,  and  th- 
of  the  secretions  with  the  fauces  or  with  the  lips  causes  irritai 
sufficient  to  bring  on  an  attack.     The  paroxysms  are  doubt 
caused  also  by  mental  apprehension  of  an  impending  attack, 
the  approach  of  the  paroxysm  the  patient,  who  a  moraer 
has  been   quietly  lying  in  bed,   may  suddenly  spring  on' 
and  grovel  on  his  hands  and  knees  in  a  distant  corner  of  the  m 
Violent  attempts  at  expectoration  may  occur.     At  this  stage  of 
disease  there  will  probably  be  more  or  less  marked  mental 
ance.    The  patient's  opinion  of  the  manner  in  which  he  has  pa* 
the  night  is  quite  \vnte\\aHe.     ^cute.  mania  may  supervene,  ani 
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one  of  the  cases  which  the  writer  saw  the  patient  escaped  from  his 
(QQm  early  in  the  morning,  and  was  found  to  have  scaled  a  high 
fence  and  lo  have  concealed  himself  at  some  distance  from  the  hos- 
pital. Marked  sexual  excitement  is  frequently  observed:  in  men 
the  talk  is  obscene  and  painful  emissions  may  occur;  in  women 
nunpliomania  may  be  present     During  the  period  of  mental  ex- 

ii t  the  patient  may  struggle  fiercely  with  his  attendants. 
Occasionally  he  may  attempt  to  bite,  but  this  is  in  no  way  cha- 
racteristic of  his  condition.  In  some  cases  during  this  stage  mel- 
ancholia is  present  in  a  marked  degree:  the  patients  are  the  prey 
of  nameless  terrors,   and  many  cases  of  suicide  are  recorded. 

After  each  paroxysm  prostration  becomes  more  marked,  and  in 
some  cases  coma  may  supervene  temporarily.  At  the  end  of  the 
second  day,  usually,  the  prostration  is  so  great  that  the  attacks  are 
much  feebler,  and  toward  the  close  of  the  scene  the  patient  may 
become  comparatively  quiet.     The  transition  from   prostration   to 

is  rapid,  and  the  moribund  stage  is  usually  short.  Febrile 
disturbance  does  not  appear  to  be  a  marked  feature,  although  occa- 
sionally it  may  appear  with  the  outbreak  of  the  disease;  but  pyrexia 
is  present  in  the  later  stages^  and  in  one  case  which  the  writer  saw 
(he  temperature  ran  above  104°  F.  on  the  last  day.  The  pulse 
usually  is  not  greatly  accelerated. 

There  may  also  be  a  paralytic  form  of  rabies  in  man,  although 
this  form  is  much  rarer  than  is  the  furious  form.  Gamaleia  of 
(Messa  published  an  account  of  thirty  cases.  He  found  that  the 
disease  is  the  result  of  deep  and  multiple  bites.  At  the  onset  there 
is  considerable  fever,  malaise,  headache,  and  vomiting.  There  is 
also  pain  in  the  extremities,  particularly  in  the  part  bitten.  Paresis 
and  numbness  appear  in  the  group  of  muscles  near  the  injured 
parts,  these  disturbances  being  followed  by  more  or  less  complete 

sis.      The  paralysis   then  spreads,   preceded  or  accompanied 

.rp  pain  in  the  muscles  invaded;  the  remaining  limbs,  the 
trnnk,  the  rectum  and  the  bladder,  the  face,  the  tongue,  and  the 
eyes,  are  all  paralyzed,  and  finally  there  is  paralysis  of  the  respi- 
ratory centre,  with  more  or  less  difficulty  in  swallowing  liquids. 
Gamaleia  says :  "When  well  marked  this  respiratory  lesion  is  the 
cause  of  dyspneeic  convulsions  in  the  muscles  which  are  not  yet 

■zed,  then  frequently  return   of  breathing  to  the  normal,  but 
spread  of  the  paralysis  to  the  heart  and  death  by  syncope."     This 
form  of  rabies  has  a  duration  of  about  one  week. 
Dana  says:   "In  questioning   the   many  general   practitioners 

various  parts  of  the  country  with  whom  I  come  in  contact,  1 
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have  found  that  many  could  recall  cases  of  mysterious  acute  pro- 
gressive fatal  paralyses  whose  nature  and  cause  have  completely 
puzzled  them.  It  may  be  that  the  paralytic  rabies  in  man  is  there- 
fore  not  such  an  extreme  rarity."  Gray  believes  that  the  symptoms 
of  the  so-called  "dumb  rabies1'  may  be  caused  by  simple  purulent 
meningitis  and  meningo-eucephalitis. 

Lyssa  falsa  svn  nervosa^  which  is  a  term  applied  to  a  condition 
produced  by  the  fear  of  rabies,  is  occasionally  seen  in  hysterical 
subjects.  It  is  not  difficult  to  distinguish  it  from  the  true  disease, 
as  the  period  of  incubation  is  too  short,  and  a  few  days1  or  even 
hours'  observation  will  decide  the  question,  owing  to  the  rapid 
development  of  the  symptoms  of  true  hydrophobia.  Cases  of  lyssa 
falsa  are  said  to  have  terminated  fatally,  but  such  a  result  may  have 
been  due  to  complications,  such  as  an  acute  mania  or  some  infec- 
tious disease.  Birdsall  saw  a  number  of  such  cases>  in  none  of 
which  the  patient  died,  but  he  would  not  say  that  death  from 
fright  of  this  kind  was  impossible. 

According  to  Curtis,  "  the  hydrophobic  paroxysm  is  to  be  likened 
to  the  shock  of  the  shower-bath.  The  regulation  of  the  respiratory 
centre  is  accomplished  by  an  inhibitory  influence.  One  of  the 
most  striking  examples  of  this  action  is  observed  in  the  superior 
laryngeal  nerve.  Irritation  of  the  divided  central  end  of  this  m 
causes  an  immediate  suspension  of  the  respiration,  the  diaphragm, 
paralyzed  aud  relaxed,  being  thrown  into  an  attitude  of  extreme 
expiration.1'  The  same  result  may  be  produced,  according  to 
Brown-S£quard,  by  direct  irritatiou  of  certain  parts  of  the  me- 
dulla. A  similar  influence  is  exerted  by  a  variety  of  peripheral 
stimuli:  powerful  excitations  of  the  nerves  of  genera!  sensation, 
particularly  the  fifth  pair,  cause  slowing  of  the  respiratory  move* 
ments.  A  similar  effect  is  produced  by  psychical  impressions  pro- 
ceeding from  the  emotional  regions  of  the  brain  and  the  medulla, 
as  shown  in  the  breathlessness  experienced  under  circumstances  of 
great  alarm  or  excitement  or  grief.  The  superior  laryngeal  nerve 
supplies  sensation  to  the  mucous  membrane  of  the  base  of  the 
tongue,  of  the  upper  part  of  the  anterior  wall  of  the  oesophagus, 
of   the   epiglottis,   and   the  laryngeal    mucous   membrane.      When  , 

stimulated  by  the  irritating  contact  of  foreign  bodies,  liquids,  irri-  _ 

biting  vapors,  and  gases,  paralysis  of  the  diaphragm  takes  place 
with  extreme  respirator)'  relaxation,  so  that  inspiration  is  for  the     — ^ 
time  being  rendered  impossible.     The  same  protective  agency  is  ^r»_s 
brought  into  play  in  every  normal  act  of  swallowing,  or  even  iiL^r^-ri 
inspiration  itself,  which  is  thus  rendered,  as  it  were,  self-inhibiting.. 


HYDROPHOBIA, 


461 


The  breathiessness  in  the  shower-bath  or  in  cold  sea-bathing  is 
another  example  of  the  same  inhibitory  action.  Similar  sensations 
produced  by  the  attempt  to  swallow  a  glass  of  hot,  steaming 
punch,  which  will  sometimes  "take  one's  breath  away'1  by  the 
same  mechanism.  Swimmers  cramp  is  probably  also  another 
example,  resulting  in  sudden  death  from  apuoea,  and  is  not  due 
to  "cramp  "  of  the  muscles,  as  is  generally  supposed. 

The  hydrophobic  paroxysm  is  not  to  be  regarded  as  a  convul- 
ta  Curtis  graphically  puts  it,  lta  drowning  man  unable 
swim  and  thrashing  about  in  the  water,  or  a  man  clutched  by  the 
throat  and  struggling  frantically  for  life,  can  be  said  to  have  con- 
vulsions, '*     The  paroxysms  are  rather  to  be  regarded  as  sudden 
attacks  of  paralytic  apuoea  due  to  temporary,  partial,  or  complete 
inhibition  of  the  respiratory  centre  taking  place  tinder  the  influence 
of  peripheral  impressions.     The  inhibitory  stimulus  may  proceed 
from  the  area  of  distribution  of  the  superior  laryngeal  nerve,  being 
originated  by  attempts  to  drink  and  by  accumulated  saliva,  or  from 
the  area  of  the  fifth  pair  as  a  result  of  wetting  the  lips  or  the  face 
or  of  fanning;  or  it  may  be  due  to  an  irritation  of  the  nerves  of 
isabon  of  the  trunk  and  limbs  or  the  nerves  of  special  sense. 
The  origin  of  the  respiratory  inhibition  does  not  appear  to  Curtis 
to  be  due  so  much  to  an  increase  of  inhibition  as  to  diminished 
stance  of  the  respiratory  centre,  due  to  the  structural  changes 
which  Gowers  has  shown  are  most  intense  in  the  respiratory  centre 
of  the  medulla.     All  that  is  required,  therefore,  is  a  slight  inhib- 
itor)'stimulus  to  reduce  the  activity  of  this  centre  to  zero.    Aecord- 
l  to  Putnam,  it  must  either  be  assumed  that  the  respiratory  centre 
bnormally  susceptible  to  inhibitory  influences  or  that  the  inhib- 
Qg  impulse  is  extremely  powerful.    As  the  structural  lesions  found 
in  the  medulla  show  an  impairment  of  the  nutrition  of  the  respira- 
tory centre,  the  theory  of  over-sensitiveness  to  inhibitory  influences 
must  be  rejected.     There  is  no  evidence  that  the  impressions  made 
U  the  skin  or  the  mucous  membrane  are  abnormally  intensified: 
there  ist  however,  the  stimulus  of  emotional  excitement  which  is 
s  present  in  such  case-.      The  paroxysm   is  therefore  directly 
due,  Putnam  thinks,  to  the  reaction  on  the  respiratory  centre  of 
id  mental  state  of  the  patient. 
Gowers  maintains  that  the  phenomenon  is  not  one  of  inhibition, 
wit  of  irritability  of  the  respiratory  centres,  particularly  that  por- 
liich  has  to  do  with  the  process  of  extraordinary  breathing; 
raatia,  the  costo-superior  respiration.     According  to  this  author, 
denature  of  the  symptoms  and  the  lesions  in  hydrophobia  seem  to 
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suggest  that  the  poison  has  an  actum  Oft  the  nervous  centres  in  ti 
following  order:  the  medulla  oblongata,  the  cerebral  hemisphere 
and  the  spinal  cord.  The  effect  on  the  medulla  is  the  first,  tl 
most  intense,  and  the  most  constant,  especially  in  the  early  stage 
The  action  on  the  spinal  cord  is  rarely  marked  except  in  the  late 
stage.  The  action  on  the  cerebral  hemisphere  is  chiefly  shown  i 
the  delirium  which  is  so  conspicuous  in  some  cases  in  the  latt 
stages. 

i  rowers  carefully  studied   the   microscopic   condition   of 
cases  of  hydrophobia  in  man  and  of  one  in  a  dog.     The  chang« 
found  in  the  spinal  cord  were  comparatively  slight.      There  w 
some  hyperemia  of  the  gray  substance,  but  no  cell-infilt 
The  region  in  which  the  pathological  conditions  were  most  inter 
is  what  is  known  as  the  respiratory  centre  of  the  medulla,  the  regii 
in  which  are  situated  the  hypoglossal,  pneumogastric,  and  glos* 
pharyngeal  nuclei.      Then,  in  addition  to  the  great  distention 
the  minute  vessels  seen  in  the  cord,  there  was  found  an  aggre* 
tion  of  cells  in  the  perivascular  lymph-sheaths. 

The  cells  were  found  sometimes  in  a  single  layer,  and  sometix 
so  densely  packed  as  to  compress  the  vessel   they  surrounded, 
some  instances  they  had  extended  beyond  the  perivascular  sh^ 
and  had  infiltrated  the  adjacent  tissues.       Here  and  there   m-* 
patches  of  tissue  infiltrated  with  leucocytes  in  this  manner, 
one  case  such  an  area  was  found  between  the  hypoglossal  and  ^ 
pneumogastric  nucleus.  Gowers  describes  them  as  miliary  abscess* 
There  was  also  a  number  of  small  round  cells  scattered  thronght" 
adjacent  tissue  in  greater  numbers  than  in  health.     Many  vessel 
especially  the  veins,  were  distended  with  blood-clots  (showin. 
ably  the  septic  nature  of  the  inflammatory  stimulus).      The  uer^.J 
cells  presented  comparatively  little  change:  many  of  them  ha<E 
granular  appearance,   which   was  more  marked   in   some  than 
others  that  lay  near  them;  others  had  a  somewhat  swollen  appess 
ance.     The  changes  around  the  auditory,  facial,  and  fifth  nuc  1 
were  not  so  marked.      The  higher  part  of  the  pons  was  much  le 
affected.     Miliary  abscesses  had  previously  been  observed  I 
e.Miikofif. 

Fitz  found  the  most  extreme  alteration  in  the  part  correspond 
ing  with  the  calamus  scriptorius.     The  appearance  most  frequcnC 
met  with  was  an  infiltration  of  the  adventitia  of  the  veil 
small  round  cells.     Extravasation  of  blood  was  found  in  thepe^ 
vascular  spaces.     The  "miliary  abscesses''  were  also  seen, 
two  instances  actual  abscesses  were  found  So 


flCli  75.— Extravasation  or  "Miliary  Abscess"  in  ihe  Cervical  Cord  in  a  case  of 

Hydrophobia. 


oesophagus   from   the   bifurcation   of  the  trachea   downward  was 


extensively  cedeniatous. 

In  one  case  examined  by  Wick  ham  Legg  the  kidneys  showed 
cloudy  swelling,  but,  as  a  rule,  no  pathological  changes  of  import- 
ippear  to  have  been  discovered  in  the  thoracic  and  abdominal 
viscera.  Hyaloid  masses  have  been  found  in  the  medulla  by  sev- 
eral observers,  but  as  these  are  met  with  also  in  normal  specimens, 
it  is  not  certain  whether  in  these  cases  they  were  of  any  patholog- 
ical significance. 

Although  in  the  microscopical  appearances  above  mentioned 
there  is  nothing  that  can  be  regarded  as  specific  of  the  disease, 
still  (lowers  is  of  the  opinion  that  "  the  distribution  of  the  lesions, 
their  intensity-  in  the  lower  part  of  the  medulla  and  in  the  neigh- 
borhood of  certain  nerve-nuclei  are,  as  far  as  I  am  av?aie,  \*e.c\i- 
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liar   to   the   disease   and  constitute   a  distinguishing    anatomic 
character.  * ' 

Vesicles  on  the  inferior  surface  of  the  tongue,  once  thought  1 
be  characteristic  of  the  disease,  are  rarely  found,  and  no  speci 
importance  is  now  attached  to  them.  The  nerves  of  the  part  i 
which  the  bite  is  situated  have  been  observed  to  present  pathi 
logical  changes:  the  myelin  is  found  in  a.  diffluent  condition,  tl 
structure  is  softened,  and  the  axis-cylinder  is  at  times  absent  i 
many  of  the  nerves.  The  same  observation  is  recorded  in  tl 
nerves  arising  from  the  medulla,  such  as  the  glosso-pbaryngei 
and  the  hypoglossal  (Blodgett).  Occasionally  there  is  some  hype 
aemta  about  the  region  of  the  cicatrix,  but  in  most  cases  no  specie 
change  is  observed. 

The  writer  has  already  intimated  that  treatment  of  the  d 
is  futile.     Powerful  drugs  of  various  kinds  have  been  nsed,  but  % 
authentic  cases  of  cure  have  ever  been  reported.     It  was  claimed 
at  one  time  that  curare  had  cured  a  case,  but,  although  Shatltick 
and  Curtis  report  a  most  systematic  course  of  treatment  with  this 
drug  in  two  cases,  no  favorable  effects  were  observed;  and  this  has 
been  the  experience  of  others  who  have  tried  the  drug.     Until 
something  in  the  nature  of  an  antitoxine  has  been  discovered,  h 
is  hardly  worth  while  to  discuss  the  therapeutics  of  the 
established  disease. 

The  prophylactic  treatment  so  wonderfully  carried  out  by  P; 
merits,  however,  the  most  careful  scrutiny.  Pasteur's  attention  wit 
first  called  to  hydrophobia  in  1880,  having  visited  a  case  in  one  of 
the  hospitals  under  the  care  of  Lannelongue. 

In  Pasteur's  earlier  experiments  on  animals  he  found  that  the 
virus  existed  not  only  in  the  saliva,  but  also  in  the  brain,  and  that 
the  period  of  incubation  could  be  shortened  greatly  by  inoculating 
the  trephined  brain  of  a  healthy  animal  with  the  cerebral  matter 
of  a  mad  clog.     Symptoms  appeared  in  one  or  two  weeks:  b- 
routes  the  inoculation  may  not  be  followed  by  symptoms  for 
two  months.     In  fact,  he  soon  found  that  the  principal  seat  of  the 
virus  was  in  the  central  nervous  system,  where  it  may  be  obtained 
in  great  quantity  and  in  a  state  of  perfect  purity.     Vims  obtained 
from  this  locality  was  therefore  far  preferable  to  the  saliva,  whicn 
contained  quantities  of  micro-organisms.      He  later  found  that  tVw 
virus  existed  in  the  whole  nervous  system  of  animals  .1 
sal i van'  glands. 

Pasteur  next  discovered  that  a  given  virus  had  its  x 
modified  by  passing  it  l\vtov\^\\  &\ftwi-w\.  %^es\ss  qC  anim 
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latton  from  monkey  to  monkey  attenuates  the  virus.  Conversely, 
the  strength  of  the  virus  is  increased  by  passage  through  rabbits: 
the  period  of  incubation  is  also  shortened,  so  that  by  the  time  the 
one  hundred  and  twenty-fifth  passage  had  been  reached  this  period 
is  reduced  to  seven  days.  The  spinal  cords  are  virulent  through- 
out their  entire  substance^  and  there  is  obtained  by  this  method  a 
vims  of  sufficient  strength  and  reliability  to  be  used  for  purposes 
of  inoculation.  By  cutting  up  the  spinal  cord  into  fragments  a 
few  centimetres  long  and  suspending  them  in  a  dry  atmosphere 
their  virulence  gradually  diminishes  until  it  is  lost,  so  that  there 
can  thus  be  obtained  virus  of  any  desired  strength. 

If  a  dog  is  to  be  made  refractory  to  the  poison  of  rabies,  i  t  is 
first  inoculated  with  a  cord  so  old  that  the  virus  is  very  feeble. 
The  strength  of  the  inoculation  is  gradually  increased  from  day  to 
iL ..  each  virus  preparing  the  animal  for  the  succeeding  stronger 
dose  until  cords  are  used  which  have  been  drying  only  one  or  two 
days.  The  dog  has  now  been  successfully  inoculated  with  very 
strong  virus,  and,  feeling  no  bad  effects  from  it,  has  become  refrac- 
tory to  the  ordinary  "street  rabies.'7 

The  brains  and  cords  of  rabbits  used  for  these  inoculations  are  prepared 
as  follows  :  Having  been  removed  from  their  bony  casing,  they  are  laid  upon 
aplate  with  the  basal  surface  upward.    The  parts  which  are  necessarily  handled 
should  first  be  wrapped  in  paper.    All  instruments  and  utensils  used  are 
carefully  sterilized  by  heat.     The  cords  are  dried  by  suspending  them  in  bot- 
tles with  a  hole  near  the  bottom  for  the  purpose  of  ventilation  ;  the  two 
apertures  are  closed  with  cotton-wool  plugs,  and  caustic  potash  is  kept  in  the 
bottom  of  the  flask  to  secure   a  dry  atmosphere.      On   drying,  the  cords 
became  crumpled  and  brittle  and  darker  in  color.     The  cord  is  uaed  in  pref- 
ice  to  the  medulla,  as  being  more  convenient  to  handle.    The  virulence  is 
same  in  both.    The  emulsion  is  prepared  by  beating  up  fragments  of  the 
cd  about  the  size  of  a  pea  with  sterilized  veal-broth  or  with  water  in  a  half- 
nce  conical  glass,  which  is  afterward  covered  with  filter-paper.   The  nerve- 
triturated  by  means  of  a  glass  rod,  and  the  broth  is  added  until  a 
thick,  turbid  liquid  amounting  to  about  half  a  tablespoonful  is  produced. 
Tbe  broth  used  for  this  purpose  is  kept  in  a  pipette  bottle. 

The  inoculation  experiments  upon  animals  are  carried  out  by 
trephining  and  inserting  a  drop  or  two  of  the  emulsion  beneath  the 
dura  mater.  In  this  way  absolute  certainty  of  result  is  obtained  as 
veil  as  an  exact  period  of  incubation. 

It  was  in  Julyt  1885,  that  Pasteur  first  applied  his  protective 

inoculation  in   man.     He  had  at   that   time   rendered   fifty  dogs 

refractory  without  a  single  failure.     A  hypodermic  syringeful  of 

l&e  emulsion  is  injected  into  the  subcutaneous  tissue  of  the  region 

of  the  hypochondrium,  as   the  tissue  is  here  loose  and  is  more 
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rapidly  absorbent  than  elsewhere.  The  patients  are  first  inoculat 
with  a  cord  fourteen  days  old,  and  the  inoculation  is  repeated  dai 
for  nine  days,  each  time  with  a  cord  one  day  fresher.  In  wtfll 
the  oldest  cords  used  are  five  days  old,  and  in  summer  cords  whii 
have  been  drying-  for  four  days  are  also  employed.  The  precedii 
is  the  ordinary  treatment.  The  so-called  l4  intensive  treatment 
is  used  for  patients  who  have  been  bitten  on  the  hands  or  on  t 
bare  feet,  or  for  patients  who  have  been  bitten  so  long  beforeha, 
that  it  is  necessary  to  complete  the  course  of  treatment  more  rapids 

The  intensive  method  consists  in  the  omission  of  certain  co* 
— for  example,  the  weakest — and  of  some  of  the  i n termed iary  co^ 
and  in  the  administration  of  the  inoculations  at  shorter  inters 
than  once  in  the  twenty-four  hours.  If  the  first  dose  is  given  ^ 
A.  m.  from  a  cord  ten  days  old,  the  second  dose  would  be  given, 
3  P.  M.  from  a  cord  eight  days  old;  the  third  at  8  P.  M.  from  a  cor 
six  days  old;  and  the  fourth  at  2  A.  m  from  a  cord  four  da 
This  series  may  be  repeated  at  the  same  intervals,  or,  if  thecal 
be  desperate — that  is,  if  the  patient  has  been  bitten  so  long  befor 
treatment  that  the  average  period  of  incubation  has  already  elapse- 
— the  inoculation  is  carried  even  further,  and  the  virus  of  only  on 
day's  drying  may  be  used  in  the  first  twenty-four  bonis.  By  thi 
intensive  method  it  is  claimed  that  better  results  are  obtained  tha 
by  the  older,  apparently  safer,  but  slower,  method. 

The  first  case  upon  which  this  method  was  tried  was  Josep 
Meister,  a  child  nine  years  of  age.  He  had  been  severely  bittc 
on  the  hands,  the  legs,  and  the  thighs,  and  when  rescued  from  th 
dog  was  covered  with  blood  and  saliva.  The  animal  was  tindoab 
edly  mad.  Sixty  hours  after  the  accident  (July  6th)  the  boy  vr< 
inoculated  in  the  right  hypochondrinm  with  half  a  syri ngeful  0 
the  emulsion  of  the  cord  of  a  rabbit  which  had  died  on  June  215 
The  cord  had  been  kept  fifteen  days  suspended  in  a  bottle  as  abo\ 
described.  On  the  following  day  he  was  injected  with  a  fourteei 
days* -old  cord,  and  so  on  daily  or  twice  daily  until,  on  July  i6tl 
the  thirteenth  sitting,  he  was  injected  with  a  cord  one  day  oh 
Healthy  rabbits  were  inoculated  with  each  preparation,  and  it  w. 
found  that  the  older  cords  did  not  produce  rabies,  but  the  c 
July  II,  12,  14,  15,  and  16  were  all  virulent,  and  the  disease  w 
therefore  reproduced;  Meister  survived. 

A  child  of  ten,  who  had  been  bitten  in  the  axilla  and  on  t' 
head,  and  who  was  not  subjected  to  treatment  until  thirty-sev 
days  after  the  accident,  died  of  hydrophobia  appearing  elev 
days  after  the  end  of  the  treatment     The  question  arising 


of  the  viruses  had  killed  the  child,  that  of  the  mad  dog  or  that 
prepared  by  Pasteur,  her  skull  was  trephined  near  the  wound  and 
a  portion  of  cerebral  matter  was  taken  out  and  inoculated  into 
rabbits,  which  died  fifteen  days  later.  Had  the  deaths  of  the 
rabbits  been  the  result  of  the  preventive  inoculations,  the  incu- 
bation period  would  have  been  only  seven  days. 

Of  those  who  succumbed  after  treatment  the  majority  were  chil- 
dren who  had  been   bitten  in  the  face  and  who  had  only  received 
tlie  simple  treatment,  which  Pasteur  does  not  now  consider  suf- 
ficient for  such  cases.     For  those  he  now  uses  the  intensive  treat- 
ttnent,  giving  three  or  four  inoculations  daily,   and  reaching  the 
one-day-old   cord   on    the   third   day.      Three   courses  are   given 
during  a  period  of  ten  days. 
The  difference   in  virulence  of  the  cords  is  not  considered  by 
Pasteur  to  be  due  to  a  diminution  of  degree,  but  to  a  diminution 
in  quantity  of  the  virus  contained  in  them.     He  is  inclined  to 
"believe  that  the  rabies  virus  is  made  up  of  two  distinct  substances 
—-the  one  living  and  capable  of  multiplying  in  the  nervous  sys- 
tem; the  other  not  living,  but   capable,  when   present  in  suitable 
proportions,  of  arresting  the  development  of  the  former.     In  other 
Yfords,  he  believes  in  a  "vaccinal"  matter  associated  with  the  microbe, 
the  latter  dying  more  rapidly  in  the  dried  cords  than  the  former. 

Vaccine  inoculation  for  protection  from  small-pox  is  sufficient 
if  performed  three  days  after  exposure,  as  the  period  of  incubation 
of  the  vaccine  is  only  nine  days,  while  that  of  small-pox  is  twelve 
days.  So  with  the  vaccine  of  rabies:  it  must  be  given  sufficient 
time  in  order  to  do  its  work  more  effectively. 

The  death-rate,  according  to  French  statistics,  amounts  to  30 
percent,  after  efficient  and  early  cauterization.  When  these  pre- 
cautions are  not  used  it  rises  to  80  per  cent.  According  to  Gowers, 
when  no  preventive  measures  are  adopted  at  least  half,  perhaps 
tarthirds,  of  persons  bitten  escape.  A  moderate  estimate  of  the 
death  of  all  persons  bitten  by  rabid  animals  except  wolves  is  prob- 
20  per  cent,  whether  the  bites  have  been  cauterized  or  not. 
The  death-rate  from  wolf-bites  is  as  high  as  65  per  cent.,  and  when 
the  face  and  head  are  bitten  it  reaches  88  per  cent.  Indeed,  in 
Russia  it  is  believed  that  every  person  bitten  by  a  mad  wolf  dies. 
The  incubation  period  following  the  bite  of  this  animal  is  quite 
short,  owing  to  the  number  and  the  nature  of  the  bites.  It  is  not 
probable  that  there  is  any  difference  in  the  viruses  of  a  mad  dog 
and  a  mad  wolf. 
The  results  obtained  by  the  work  as  carried  on  in  Paris  at  the 
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Pasteur  Institute  since  the  beginning  of  the  employment  of  this 
method  are  summarized  and  discussed  very  carefully  and  fairly  in 
the  Annates  d§  P  Institnt  Pasteur,  All  cases  are  placed  ill  one  of 
three  categories:  Class  A  consists  of  those  bitten  by  animals  shown 
to  have  been  rabid  by  experimental  inoculation;  Class  B  consists 
of  those  bitten  by  animals  declared  to  be  rabid  by  veterin 
authority;  Class  C  includes  those  bitten  by  animals  supposed  tc^ 
have  been  rabid.  The  following  table  gives  the  figures  of  tb 
different  classes  for  1893: 


Bites  -'f  Head, 


2 

§ 

1 


A,  12 

B,  89 

C  34 


U5. 
Total. 


ii 


Biles  of  Hand* 


80 
534 
243 


»57. 
Total. 


5 


ft 

S 


o 

0.56 

0.41 

0.46 


Bila  of  Body  and  Lcg». 


40 

656, 

Total, 


1! 

SK. 

- 


o 

Q 
o 


fml 
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The  statistics  for  each  year  from  the  beginning  up  to  the  pre^-^-^,T 
time  are  given  below : 


Ytma 


18S6 

18S7 

1888  .    .    . 

1889  .    ,    - 

1890 

1891 

1892 

1893 

TotEl 


Patienit  Treated. 


2.671 

1.77° 
1.622 
1,830 
1,540 
'.559 
1.790 

I4r43° 


Died. 


25 
14 
9 

7 

5 
4 
4 
4 

72 


°-9«*^.<i»o.94 
0-7t>^.<^o.7<» 

°-55  ^  --o  0.55 

03$^  ~Q     ftp 

<*3-*l-«^  033 


0.13 
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These  figures  apparently  afford  ample  proof  of  the  success 

Pasteur  method. 


#tht 


Tizzoni  has  experimented  with  a  protective  substance  pt^^A^ 


by  treating  the  cords  of  infected  rabbits  with  peptones.     An 


^v,,/. 


sion  of  the  cords  in  peptones  parts  with  its  virulence  entity*/,.  . 
twenty- four  hours.     The  flocculent  deposit  obtained  is  present 
in  glycerin.     Tizzoni  has  been  able  not   only  to   render  iai 
immune,  but  also  to   check    the   symptoms   of  rabies  after  tW 
had  already  developed.     This   method  of  treatment  has  nol 
been  applied  to  man.     (See  Appendix.) 


XX.    ACTINOMYCOSIS. 


bi 


Actinomycosis  («t/c,  ray,  /ly^c,  fungus)  is  an  affection  charac- 
^xized  by  the  presence  in  the  tissues  of  a  vegetable  parasite  (acti- 
rmomyces)  which  gives  rise  to  a  chronic  inflammatory  process.  This 
disease  is  found  both  in  animals  and  in  man.  In  the  former  it 
g-ives  rise  to  a  granulation  or  sarcoma-like  tumor,  and  it  has  been 
described,  before  its  true  nature  was  understood,  under  a  variety 
of  names,  such  as  "big  jaw,"  "swelled  head,"  and  "lumpy  jaw." 
^lany  cases  described  as  sarcoma  in  cattle  were  undoubtedly  forms 
ctf  this  affection.  In  man  the  growth  is  accompanied  by  a  suppu- 
f  sa-tion,  which  is  not  due,  however,  to  the  organism,  but  to  a  mixed 
irifection  with  pyogenic  cocci. 

Langenbeck  was  one  of  the  first  to  notice  the  presence  of  the 

■parasite  in  a  case  of  vertebral  caries.     Leber t  was,  however,  the 

£ix-5t  to  publish,  in  1848,  a  description  of  the  same  organism,  which 

tie  found  in  an  abscess  of  the  thorax.     He  did  not,  however,  recog- 

n  ize  its  significance.     Robin  observed  similar  bodies  also  in  pus, 

and  Rivolta  in  1868  and  Perroncito  in  1875  found  the  organisms  in 

t  lie  jaws  of  diseased  cattle.     The  first  scientific  description  of  these 

organisms  came  from  Bollinger,  Israel,  and  Ponfick  in  1877,  1878, 

a.i-id  1879,  respective!  v.     Since  then  a  large  number  of  cases  have 

been  observed  and  described  in  man.     In  America,   Belfield  first 

recognized  the  parasite  in  cattle,  and  Murphy  reported  the  first  case 

c*F   actinomycosis  hominis.     According  to  the  latter,  up  to  January 

*  .    1891,  there  had  been  reported  two  hundred  and  fifty  cases  of  the 

disease  in  man. 

A  description  of  the  organism  will  be  found  on  page  76.     It 
Tt\ay  be  briefly  stated  here  that  the  organism  is  known  as  actiuo- 
ntycts^  or  the  ray  fungus,  and  it  appears  in  pus  or  on  granulations 
as  minute  granules  varying  in  size  from  a  grain  of  sand  to  a  pin's 
head  (Fig.  22).     These  granules,  which  are  yellow  in  color,  are 
easily  seen  by  the  naked  eye.     If  pressed  down  wTith  a  cover-glass, 
ihey  readily  flatten  out,  while  possibly  a  distinct  gritty  sensation  is 
transmitted  to  the  finger,  owing  to  the  presence  of  calcareous  mat- 
ter.   With  a  low  power  of  the  microscope  the  fungus  will  be  rec- 
ognized scattered  over  the  field  in  the  form  of  irregular  patches^ 

urn 
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which  might  at  first  be  mistaken  for  granular  ddbris,  but  which 
by  more  exact  examination  with  a  higher  power,  will  be  observe^^  J 
to  have  the  characteristic  appearance.     The  rosettes  of  clubs  rain*-,.  - 
gled  with  pus-cells  and  fragments  will  then  be  found.     By  pressint-^.  -    , 
upon  the  cover-glass  the  rosette  is  broken  up  aud  the  club-shape^^^ 
masses  are  seen  separately.     If  the  yellow  granule  is  picked  apa^Jr 
in  water,  the  central  portion  of  the  fungus  appears  to  be  a  stnr^-^f^ 
tureless  core.  ^ 

Cultures  of  actinomyces  are  made  with  great  difficulty.      Ag^^ 
agar  aud  egg-albumin,  blood-serum,  bouillon,  and  gelatin  are  I  *•' ,r- 

media  used  for  the  purpose.     The  growths  taken   from   plates  ^ 
grown   in  blood-serum  develop  at  the  end  of  four  or  five  d^^.*^ 
According  to  Babes,  cultures  obtained  by  him  grew  mostly  in      »_^   *V^ 
depths  of  the  culture  medium  and  rarely  on  the  surface.    Attet*-^^     *te 
to  transfer  the  actinomyces  from  one  animal  to  another  by  mi^— 
them  with  the  animal's  food  have  not  succeeded,  but  inoculat 
have  successfully  been  made  by  introducing  the  granules  intu 
peritoneal  cavity  of  rabbits  ;  also  by  introducing  the  infective 
rial  beneath  the  skin,  into  the  veins,  and  into  the  abdominal 
ties  of  calves.     The  cow  appears  to  be  the  most  susceptible  *z>f,» 
animals.     Although  the  disease  is  found  in  cattle,  yet  in  repo^ 
cases  it  does  not  appear  that  it  has  been  transmitted  to  man  j,- 
food,  and  the  disease  has  not  been  observed  in  carnivorous  anin 
The  few  observations  that  have  been  made,  tending  to  show  Mat 
the  meat  of  animals  is  the  source  of  disease  in  man,  have  not 
flced  to  demonstrate  this  satisfactorily.     Hence  it  has  not  been  the 
custom  in  many  places  to  condemn  the  entire  animal  when  a  pawn 
only  is  affected.    There  are  no  observations  which  prove  that  it  cs*» 
be  transmitted  by  milk.      According  to  Bostrom,   who  careful   ^x 
analyzed  a  series  of  cases,    the  disease  appears  to  begin  in  t^^0* 
autumn,  and  the  ears  of  grain  in  which  the  fungus  probably  gToi^^*\ 
are  the  carriers  of  the  disease  to  man  and  to  animals.     In  one  cC^-^y 
this  author's  cases  the  patient  acknowledged  that  he  was  in  th#^^ 
habit  of  chewing  ears  of  barley  or  of  rye,  and  in  the  much-quotes^   ^^ 
case  of  Soltmann  the  patient,  a  boy,  swallowed  an  ear  of  ba:  p 

which  caught  in  the  cesophagus  and  could  not  be  coughed  up.*^-.  jie 
Perforation  occurred,  and  mycotic  abscesses  formed    around  $***'  fi* 
vertebral  column  and  elsewhere.     Johne  found  frequently  in  thr^ 
tonsils   of  hogs   ears   of  grain   containing  unmistakable  gru 
of  actinomyces.     Jensen  observed  an  outbreak  of  the  disease 
cattle  due  to  feeding  them  with  grain  which  had  been  taken  fro^^^ 
a  soil  reclaimed  from  the  sea.     It  seems  probable  that  the  100^^ 


. 


is 


requcnt  route  of  infection  is  the  mouth  and  the  pharynx,  the 
rgauisrn  becoming  attached  to  and  growing  in  some  of  the 
umerous  inflammatory  processes  common  to  this  region.  The 
avities  of  carious  teeth  and  the  follicles  of  the  tonsils  appear  to 
localities  that  afford  a  soil  favorable  to  the  growth  and  develop- 
in  t  of  this  organism,  from  which  foci  it  is  subsequently  distrib- 
ted  throughout  the  system.  After  once  having  gained  a  foot- 
ed, the  parasite  is  said  to  be  conveyed  to  distant  parts  of  the 
ody  through  the  blood-current  and  not  through  the  lymphatics. 
In  man  the  disease  presents  two  salient  features — the  formation 
IT  abscesses  and  the  presence  of  yellow  granules  in  the  pus,  and 
r"anulations  of  these  abscesses.  The  swelling  does  not  have  a 
r«11-defined  border,  as  seen  in  cattle,  in  which  it  resembles  a 
.imor,  but  it  is  more  or  less  flattened  and  disseminated,  and  is 
ecompanied  by  the  growth  of  an  indurated  connective  tissue 
^"hich  is  very  characteristic.  There  is  usually,  later,  a  false 
tictuation  at  certain  points,  due  to  the  presence  of  the  soft, 
ungous  mass  of  granulation  tissue.  Presently  the  skin  becomes 
t  deep  red  and  the  abscess  opens.  The  granulating  surface  has  a 
Ilowish  or  a  violet  color.  Pressure  brings  a  small  quantity  of 
in  sero-puruleut  or  cheesy  material.  In  some  cases  a  few  drops 
>f"  thick  pus  will  ooze  out  after  lancing  the  abscess,  and  with  them 
number  of  striking  sulphur-colored  granules.  On  probing  a  sinus 
us  formed  it  will  be  found  that  the  disease  has  involved  the  adja- 
t  muscles,  which  are  so  infiltrated  and  matted  together  as  to 
pede  their  movements.  The  nerves  are  also  involved  in  the 
uration,  and  in  later  stages  the  bone  becomes  affected  and  in 
cavities  form.  The  jaw  is  usually  the  part  most  frequently 
ttacked,  and  later  the  teeth  drop  out  and  the  pus-cavity  com- 
unicates  with  the  mouth.  In  the  mean  time  new  fistulae  form 
id  communicate  with  the  original  focus.  The  disease  does  not 
tttack  the  interior  of  bone  as  in  cattle,  forming  a  spina  ventosa, 
-ather  confines  itself  to  a  multiple  caries  with  the  formation 
•f  osteophytes  (Partsch). 

If  the  inflamed  mass  is  laid  open  at  a  post-mortem  examination, 

sinuses  are  found  to  resemble  those  seen  in  connection  with 

berculosis  of  bone.     There  is  a  lining  pyogenic  membrane  com- 

of  fungous  granulation   tissue  of  a  yellowish  or  a  reddish- 

y  color,  which  tissue  is  readily  scraped  away,     A  central  pus- 

is  rarely  found.     A  number  of  minute  abscesses,  however, 

seen  in  the  walls  of  the  inflamed  mass.     Other  abscesses  may 

found  in   the  immediate   neighborhood,   either   entirely   inde- 
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pendent  of  the  original  focus  or  communicating  with   i 
tulous  tracts.     The  yellow  grains  are  to  be  found  in  the  se< 
of  all  these  various  cavities  and  also  in  the  walls. 

A  cross-section  of  the  abscess-wall  shows  it  to  consist 
coma-like  tissue.     It  has  been  said  to  resemble  so  close!) 
cell  sarcoma  as  to  be  almost  indistinguishable  from  it  wi 
yellow  grains  absent       In  other  places  spindle,   epithelio 
giaut-cells  are  seen.      In  the   peripheral  portions  of  the 
the  abscess-wall  consists  of  a  dense  fibrous   tissue  surroun 
cluster  of  cells,  in  the  centre  of  which  is  the  actinomyces 

When  once  the  parasites  begin  to  develop  in  the  tissues  a 
of  sarcomatous  connective  tissue  is  built  up  around  them,  for 
barrier  which  probably  tends  to  retard  their  growth.  The  celi 
est  the  centre  of  this  nodule  undergo  fatty  degeneration,  an 
up  and  leave  a  more  or  less  fluid  substance  in  their  place, 
this  way  a  miliary  abscess  is  formed.  Large  abscesses  f 
fusion  of  several  smaller  ones. 

The  progress  of  the  disease  is  slow,  as  the  inflammation 
chronic  type.     Infection   takes  place  most  frequently  throu 
mouth  and  the  pharynx,  but  the  organism  may  find  an  entr 
the  system  through  the  air-passages  or  through  the  skin. 
case  a  wound,  however  small,  is  necessary  for  inoculation 
place. 

When  infection  takes  place  by  the  month  in  the  less  severe 
of  the  disease,  the  patient  comes  with  a  history  of  toothach 
swelling  at  the  angle  of  the  jaw,  and  with  difficulty  of  swa 
and  of  opening  the  jaw.     The  external  tumor  reddens  and 
and  fluctuation  is  followed  by  an  opening  and  discharge 
containing  the  characteristic  yellow  granules.     After  som 
porary  improvement   the  swelling  continues   to  spread   a 
abscess  opens  into  the  cavity  of  the  mouth.      Man- 
arrested  at  this  point  by  a  radical  operation  which  remo 
entire  diseased  mass.     A  very  characteristic  symptom,  ace 
to  Partsch,  is  the  rigidity  of  the  jaw  caused  by  the  in- 
the  surrounding  muscles. 

If  the  affection  is  allowed  to  continue  untreated*  he 
bone  of  the  lower  jaw  becomes  involved,  the  teeth  drop  01 
several  of  the  adjacent  muscles  are  destroyed.  As  the 
works  its  way  downward  it  follows  the  line  of  the  sterno-n 
muscle  to  the  clavicle,  involving  on  its  way  nearly  all  the 
teres  of  the  neck,  including  the  vessels.  The  pus,  which  b 
about  inside  the  diseased  mass,  finds  its  way  to  the  surface 


ous  points  in  the  neck,  and  even  into  the  oesophagus,  so  that  food 
may  be  discharged  through  the  fistulse.  A  rauco-purulent  expec- 
toration from  the  lungs  shows  that  the  disease  has  reached  these 
yfgans,  and  on  its  way  it  may  have  destroyed  the  clavicle.  If 
jortions  of  the  fungus  find  their  way  during  this  process  into  the 
■irculation,  the  heart  may  become  involved  in  the  disease,  and 
mall  tumors  may  form  in  the  substance  of  its  walls  and  in  the 
xricardiura.  Metastatic  deposits  may  be  found  in  the  spleen,  the 
iver,  the  brain,  and  the  kidneys. 

When  the  upper  jaw  is  the  seat  of  the  disease  the  prognosis 
s  to  be  still  more  unfavorable.      Here  the  cheek  is  involved  in 

e  inflammatory  process,  and  abscesses  may  form  and  break  as 
igh  up  as  the  lower  eyelid,  which  probably  will  be  very  much 

ollen  and  oedematous.  Here  also  the  disease  appears  to  begin  in 
i  carious  tooth.     With  the  discharge  of  pus  there  may  be  symp- 

tjms  of  nasal  catarrh,  showing  that  the  disease  is  spreading  in  the 
irection  of  the  nose.  The  swelling  soon  involves  the  whole 
rleek,  and  then  spreads  backward  to  the  region  of  the  ear  and  the 
:cmple.  The  jaws  are  often  difficult  to  open  at  this  stage,  and  the 
^etor  of  the  breath  may  be  well  marked.  If  an  inspection  of  the 
tliroat  can  be  made,  the  tonsil  and  the  fauces  are  often  found  swoll- 
11  and  red;  the  gums  are  also  swollen,  and  many  of  the  teeth  are 
These  changes  follow  one  another  slowly,  and  there  are 
iods  when  the  disease,  after  surgical  treatment,  appears  to  be 
tnproving;  but  although,  superficially,  there  is  a  diminution  in 
e  severity  of  the  symptoms,  there  is  a  gradual  spread  of  the 
fection  in  the  deeper  parts,  where  nothing  seems  to  be  allowed  to 
in  the  way  of  the  progress  of  the  disease.  In  working 
pward  it  may  penetrate  the  base  of  the  skull  and  the  membraues, 
d  even  invade  the  brain  itself.  From  the  pharynx  or  oesophagus 
I  may  reach  the  posterior  mediastinum,  and  so  affect  the  bones  of 
e  spine  that  they  appear  to  have  undergone  an  extensive  caries, 
bscesses  forming  in  this  locality  may  perforate  the  intercostal 
ices  and  may  break  externally  in  the  dorsal  region.  In  rare 
^ses  the  disease  may  begin  with  an  infection  of  the  tongue: 
^ochenegg  reports  such  a  case.  The  patient  was  a  young  man 
ho  looked  after  cattle  and  who  was  in  the  habit  of  chewing  ears 
grain.  On  one  occasion  he  thought  he  had  wounded  his  tongue 
th  the  edge  of  a  carious  tooth.     Two  months  later  there  was  a 

f felting  in  the  right  half  of  the  tongue  about  the  size  of  a  cherry. 
his  swelling  was   excised  with  a  wedged-shaped   piece   of  the 
ongiie,  and  the  patient  was  cured. 


Infection  through  the  respiratory  tract  is  supposed  to  be  due  tc^ 
the  inhalation  of  colonies  already  fanning  in   the  mouth  or  tl^^t 
throat.     A  case  is  reported  in  which  a  tooth  was  inhaled  into  tl  ^~t 
lung  and  became  the  starting-point  of  the  disease  in  that  orga  _ 
The  direct  infection  of  the  lung  by  inhalation  is  doubted  by  niati^-^.. 
but  cases  are  reported  in  which  it  is  probable  that  the  fungus  or 
spores  were  inhaled  directly  into  the  lung  with  the  inspired  a^^ 
The  left  lung  is  said  to  be  more  often  affected  than  the  right.    T^ 
first  symptom  of  the  disease  may  be  a  pain  in  the  side  nab* 


an   attack   of   pleurisy.       In  a  case   reported   by   Bostrdm   tk"^2f 
appeared  soon  after  the  pain  a  redness  and  swelling  at  the  leve^  ^.  r 
the  eighth  rib.     On  making  an  attempt  to  excise  this  swelling    ^T./ 
tissue   was   found   to  be  almost  of  sole-leather  hardness,   but 
eventually  was  reached.      This  inflammatory  induration  gradt_     ^  . 
spread  up  and  down,  so  that  six  mouths  later,  when  the  pa  -^- 
died,   it   had    invaded    the    thorax-wall    and    had  worked    its       ^ 
through  the  diaphragm  into  the  liver  and  along  the  spinal  col  ^  ' 
to  the  pelvis,      The  expectorations  in  this  case  were  peculiar.  Jfl. 
were  regarded  by  Bostrdm  as  pathognomonic  of  the  disease,     q. 
washing  the  muco-purulent  sputa  in  water  they  were  found  lobe 
branched  in  a  way  that  showed  them  to  be  casts  of  the  finer  bron- 
chi, and  to  contain  the  actinomyces  granules.     This  author  ob- 
served the  same  condition  of  the  sputa  in  another  case. 

The  effect  upon  the  lung  parenchyma  is  to  produce  a  prolifer^^ 
tion  of  round  cells  which  undergo  fatty  degeneration.  Patches  <z^> 
pneumonia  and  peribronchitis  are  thus  formed,  or,  if  the  infec* 
is  near  the  surface  of  the  lung,  pleurisy  may  develop.  Abscessed 
eventually  form  which  break  into  the  bronchi.  The  apices  of  th^ 
lungs  are  usually  unaffected.     There  is  considerable  resemblance^^. 


in  the  clinical  course  of  the  disease  to  chronic  or  fibroid  phthisis.  - 

At  the  autopsy  the  tissues  about  the  diseased  part  are  found  to  be*£=*' ~    0 

exceedingly  dense,  beneath  which  are  found  abscesses  opening  into*^ 


the  pleura  or  into  a  pulmonary  cavity.  It  would  be  difficult*  say? 
Babes,  to  distinguish  the  disease  from  tuberculosis  of  the  lungi 
were  it  not  for  the  presence  of  the  yellow  granules.  There  is  often*^  ' 
great  contraction  of  the  thorax  when  the  disease  has  existed  fo^"^ 
some  time  in  that  cavity. 

Intestinal  actinomycosis  is  due  to  the  swallowing  of  the  organist 
with  the  food.  Colonies  are  said  to  form  upon  the  epithelimr 
the  intestinal  wall,  and  there  follows  infiltration  of  the  decpi—"  *W 
layers.  The  mucous  membrane  may  in  this  way  become  cover&^-rt/ 
with  white  patches,  and  in  such  cases  small  nodules,  about  the  si. i 
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of  a  pea,  may  be  found  in  the  submucous  tissues.  In  the  mucous 
membrane  these  nodules  soften  and  form  ulcers  which  may 
eventually  perforate  into  the  peritoneal  cavity.  In  a  case  reported 
J>y  Bostrom  such  a  complication  resulted  in  the  formation  of  two 
Ab>scesses — one  in  each  iliac  fossa — that  broke  and  discharged  exter- 
jjiilly.  At  the  autopsy  it  was  found  that  the  left  abscess  had  in- 
volved the  ovary.  Murphy  reports  a  case  of  a  large  abscess  in 
^trliich  the  spleen  was  floating,  and  which  probably  was  caused 
\py  actinomyces.  Several  cases  are  mentioned  in  which  the  pro- 
^^ssus  vermiform  is  has  been  found  attached  to  or  opening  into  an 
actinomycotic  abscess.  The  fungus  may  be  found,  in  cases  of 
i  intestinal  actinomycosis,  in  the  evacuations.  The  symptoms  of 
^lie  intestinal  form  of  the  disease  are  those  of  acute  catarrh  fol- 
lowing a  digestive  disturbance  with  diarrhoea  in  recurring  attacks. 
•*X*he  complications  are  those  of  chronic  localized  peritonitis. 

Invasion  through  the  skin  occurs  occasionally,  A  number  of 
cruises  are  reported  of  inoculation  through  trivial  wounds  and  also 
after  surgical  operations.  Partsch  describes  a  case  of  the  develop- 
xnent  of  the  disease  in  the  cicatrix  which  formed  after  an  amputa- 
t,ion  of  the  breast.  Hoehenegg  records  a  case  of  a  girl  who  slept 
i  xi  a  stable  with  cattle,  and  who  apparently  inoculated  a  suppurat- 
ing wen  of  the  cheek  with  the  parasite.  The  same  author  reports 
rm  actinomycotic  abscess  of  the  abdominal  walls  due  to  the  blow 
of  a  hammer.  Many  cases  are  reported  in  which  the  source  of 
tlie  infection  could  not  be  detected.  A  striking  example  is  the 
prrimary  actinomycosis  of  the  brain  reported  by  Bollinger. 

The  prognosis  of  the  disease  when  it  is  situated  superficially  is 
not  unfavorable.  If  the  mass  is  promptly  removed  the  danger  of 
return  is  not  great,  and  a  large  number  of  cures  have  been 
reported.  When  internal  organs  become  involved  the  disease  is 
almost  certain  to  terminate  fatally.  It  is  essentially  a  chronic  dis- 
ease, and  the  patient  may  live  from  one  to  three  years. 

The  treatment  of  actinomycosis  consists  in  an  attempt  to  remove 
as  completely  as  possible  the  entire  mass  of  affected  tissue.  In  the 
srnall  primary  nodules  about  the  neck  and  the  face  this  removal  may 
satisfactorily  be  accomplished.  If  the  disease  has  progressed  any  dis- 
tance downward  into  the  neck,  a  free  incision  should  be  made  along 
the  line  of  the  steruo-mastoid  from  the  ear  to  the  clavicle,  and  all 
the  tissues  should  carefully  be  dissected  out.  The  operation  should 
be  as  thorough,  if  possible,  as  that  for  cancer.  Decayed  teeth  should 
be  removed;  the  bone  of  the  jaw  should  be  cut  away  or  be  so  laid 
open  as  to  make  it  possible  to  scrape  away  all  evidences  of  diseased 
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tissue.  When  it  is  impossible  to  excise  the  mass  and  leave  a  c 
wound,  all  sinuses  should  be  laid  open  and  followed  relentless] 
the  end,  and  their  walls  should  be  scraped  thoroughly  with 
curette.  The  exposed  surface  should  then  be  washed  with  a  s 
tion  of  corrosive  sublimate.  Solutions  of  nitrate  of  silver,  wl 
are  supposed  to  exert  a  poisonous  influence  upon  the  fungus, 
be  injected  into  suspected  nodules  in  a  strength  of  1:15000 
applied  to  the  granulating  surface  of  a  wound.  Internal  met 
tion  appears  to  exert  no  influence  whatever  upon  the  growtj 
the  parasite. 

In  a  case  recently  operated  upon  by  Mister,  the  first  reported  case  in , 
in  Boston,  the  disease  was  found  to  be  situated  in  the  neighborhood  of 
umbilicus.  The  patient  was  a  city  laborer,  fifty-six  years  of  age.  Ht\ 
noticed,  three  months  before,  a  lump  in  the  abdominal  wall  that  had  gn 
slightly  at  the  time  of  the  operation.  There  was  on  examination  an  in 
rated  mass  surrounding  the  umbilicus  about  the  size  of  a  Mandarin  oran 
At  the  operation  the  peritoneal  cavity  was  opened,  and  the  growth  was  foe 
adherent  to  the  omentum  and  intestine.  In  the  interior  of  the  mass  remoi 
were  found  cavities  containing  a  thin  whitish  fluid.  On  laying  open  1 
growth  freely,  two  fish-bones,  the  size  of  knitting-needles  in  thickness,  w 
found.  The  pus  contained  opaque  white  granules  which  proved  to  btadii 
myces.     The  patient  made  a  good  recovery. 

The  disease  in  cattle  has  much  less  tendency  to  cause  suppu 
tion.  In  Europe  the  disease  is  prevalent  in  river-valleys  and 
marshes  and  011  land  reclaimed  from  the  sea,  and  it  appears  to  oc< 
more  frequently  in  the  young  than  in  the  old  and  more  often 
winter  than  in  summer.  It  appears  in  the  form  of  turaor-H 
masses  without  indications  of  an  inflammatory  process,  and  ma 
of  the  cases  of  u  osteo- sarcoma  "  of  the  jaw  in  animals  repori 
in  former  times  were  undoubtedly  cases  of  actinomycosis.  T 
tongue  is  often  affected  in  animals,  and  the  infiltration  of  £ 
organ  is  accompanied  by  the  subsequent  induration  often  a 
in  this  disease,  but  which  in  this  case  is  more  marked  than  el 
where.  The  condition  known  as  '•scirrhous  tongue*'  (or  Hi 
zungCy  wooden  tongue)  is  thus  produced.  This  disease  of  cat 
is  not  limited  to  Europe,  but  it  has  been  found  quite  extensivi 
in  cattle  in  the  United  States,  particularly  in  the  West 


H£  nomenclature  of  this  disease  is  somewhat  confusing.  It  is 
'ii  in  England  as  "splenic  fever,1'  and  in  Germany  as  Afih- 
{.  In  France  the  term  "anthrax  "  is  applied  to  another  affec- 
carbuucle),  and  "  charbon  "  is  substituted.  In  man  the  dis- 
s  known  as  "malignant  pustule"  in  all  countries.  Anthrax 
ils  in  various  portions  of  Europe,  particularly  Russia,  Hun- 
France,  and  Saxony.  It  is  known  to  exist  also  in  Siberia 
i  India.  Anthrax  does  not  prevail  in  the  United  States,  but 
I'd  examples  of  it  are  occasionally  seen  in  man.  It  appears 
les  as  an  extensive  and  fatal  epidemic.  Thus,  according 
Dnin,  there  perished  from  this  disease  in  Novgorod,  Russia, 
during  four  years  (1867—70)  more  than  56,000  cattle  and 
len.  The  greatest  losses  are  incurred  during  the  summer 
L  The  domestic  animals  most  susceptible  are  cows,  sheep, 
orses,  the  ass,  the  goat,  and  swine  being  less  often  attacked, 
rabbits,  and  guinea-pigs  are  also  particularly  susceptible,  and 
juently  are  used  in  laboratory  experiments.  Anthrax  can  be 
unicated  only  with  difficulty  to  dogs  and  poultry.  The  epi- 
s  in  animals  occur  most  frequently  in  swampy  regions  where 
iposing  vegetable  material  abounds.  Saline  elements  in  the 
ombiued  with  warmth  and  moisture,  seem  to  favor  the  devel- 
lt  of  the  virus.  The  disease  consequently  is  found  along  the 
rs  of  rivers  and  in  malarial  districts. 

,e  organism  which  Davaine  demonstrated  to  be  the  cause  of 
ix  is  known  as  the  "bacillus  anthracis. "  Owing  to  its  size 
»  easily  seen  with  comparatively  low  microscopic  powers  in 
ood,  and  was  therefore  the  first  of  the  pathogenic  bacteria  to 
1  recognition.     A  description  of   the  organism  is  given  on 

'O. 

e  of  the  most  striking  peculiarities  of  this  organism  (Fig.  20) 
formation,  when  in  contact  with  the  air,  of  spores  which 

emarkable  powers  of  resistance  to  the  external  agencies  that 

rilv  destroy  bacteria.  These  spores  do  not  form  in  the  body 
diseased  animal,  the  bacillus  here  reproducing  itself  solely 

rision.     The  organisms  are  released  from   the   body  in  the 

vn 
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bloody  discharges  of  the  animal.       It  is  probable  that  the  millj 
of  diseased  animals  does  not  contain  bacilli,  but,   as  containing 
tion  is  easy  by  mixture  with  blood  or  with  dirt,  such  milk 
not  be  used. 

After  the  death  of  the  animal  the  liberated  bacilli  elougate  and 
spores  are  formed.      The  bacilli  are  easily  destroyed,   reiuaiuii)* 
alive  but  a  few  days.     Fluids  containing  bacilli  can  retain  their 
infective  properties  only  a  few  days,  unless  spores  are  produced. 
These  spores  are  called   ''durable  spores,"   owing  to  their  gnat 
vitality,  and  they  eventually,  under  favorable  conditions,  gnu  (,j 
rods  and  long  threads:  this  is  the  complete  cycle  of  their  develop, 
ment.     The  spores  are  found  in  surface  soil,  or,  according  to  Pas- 
teur,  in  deeper  soil  when  the  animal  is  buried,  and  subsc, 
they  are  brought  to  the  surface  by  earth-worms.     Kocli^  In 
does  not  accept  the  earth-worm  theory.     According  to  him,  the 
spores  cannot  develop  at  any  great  depth,  as  they  need  a  tempo* 
ture  of  over  i8°  C,  and  at  the  depth  of  ground  at  which  the  ani- 
mals are  usually  buried  the  temperature  rarely  rises  abou 
point. 

Karlinski  examined  the  carcass  of  a  sheep  dead  of  anthrax  that  hail  been 
dug  up  by  wolves.    He  found  on  it  a  number  of  snails.    Thinking  th.r 
might  spread  the  virus,  he  made  a  series  of  examinations  which  showed  that 
the  snails  were  insusceptible  to  the  virus,  that  the  bacilli  passed  \\ 
the  intestinal  canal  without  diminution  of  their  vitality,  and  that  they  re- 
mained eleven  days  in  a  healthy  condition  in  tin.  intestine. 

Koch  has  shown  that  infusions  of  hay  are  not  favorable  for  the 
development  of  the  bacilli,  owing  to  the  acidity  of  the  solution, 
The  addition  of  an  alkali  so  neutralizes  this  condition  that  growth 
takes  place.  In  localities  where  epidemics  suddenly  break  out 
there  is  probably  an  alkaline  soil  and  a  dead  vegetation.  After 
a  damp  season  with  an  overflow  of  the  banks  of  a  river  a  £a\ 
culture-fluid  is  formed,  and  the  growth  of  the  bacilli  from  the 
spores,  which  have  up  to  this  time  been  blowing  about  as 
begins  to  take  place.  When  once  the  spores  have  developed  the 
disease  is  with  difficulty  exterminated  from  a  neighborhood. 

The  organism  obtains  an  entrance  into  the  body  in  one  of  three 
ways — namely,  by  inoculation  through  wounds  of  the  skii 
inspiration  through  the  air-passages,  and  with   food  through  the 
intestinal  mucous  membrane.     In  infected  districts  the  dust  of  the 
air  is  filled  with  the  organisms,  and  this  dust  is  grimed  into  tli 
and  the  hide,  whence  the  bacteria  can  readily  be  rubbed  into 
abrasions  on  the  surface  of  the  body.      It  has  been  supposed  thai 


virus  when  taken  with  the  food  found  its  way  into  the  system 
ly  through  wounds  of  the  mucous  membrane.  It  has,  how- 
,  been  demonstrated  that  the  spores  develop  readily  in  the 
EI  portion  of  the  intestine  of  sheep,  but  not  in  the  lower 
The  bacilli  are  destroyed  by  the  gastric  juice,  while 
spores  pass  unharmed  through  the  stomach.  Food  con- 
ing spores   was   given    by    Koch    to    sheep,    with    the    result 

all  succumbed  to  the  disease,  whereas  portions  of  the 
in  of  a  diseased  guinea-pig,  containing  only  bacilli,  did  not 
:t  them.  It  is  probable,  therefore,  that  the  organism  can 
.'trate  the  healthy  mucous  membrane. 

Loch  also  demonstrated  the  possibility  of  infection  through  the 
iratory  organs.  A  mouse  placed  under  a  bell-glass,  where  dust 
aining  bacilli  had  been  deposited,  succumbed  to  the  disease. 
iaHgnani  pustule  is  the  name  of  the  disease  as  it  is  found  in 
It  is  known  also  as  "  wool-sorter* s  disease,"  but  this  desig- 
on  is  said  by  some  authors  to  be  given  to  that  variety  which  is 
xompanied  with  an  external  primary  lesion, 
nfection  occurs  by  direct  inoculation  into  either  a  scratch,  an 
.sion,  or  a  small  wound  of  the  skin  in  the  great  majority  of 
s.  Individuals  who  come  in  contact  with  the  diseased  animals 
nth  their  hides,  and  operatives  who  are  at  work  in  factories 
re  goods  made  from  the  hair  or  the  hides  of  these  animals 
manufactured,  are  most  liable  to  contract  the  disease.  In  the 
hborhood  of  Boston  the  disease  has  been  observed  among 
stives  in  curled-hair  factories  and  among  the  longshore-men 
handle  the  hides  imported  from  infected  districts.  The  hands 
lis  way  come  in  contact  with  the  spores,  and  inoculation  takes 
t  later  by  scratching  the  skin.  The  virus  may  also  be  con- 
d  by  flies.  Infection  by  the  consumption  of  diseased  meat  is 
but  it  rarely  happens,  as  the  mucous  membrane  of  man 
ptible. 
outagion  from  man  to  man  is  also  very  rare.  Kor^nyi  men- 
;  a  case  of  a  woman  who,  while  afflicted  with  the  disease,  vis- 
her  daughter  at  a  place  where  no  case  of  anthrax  had  been 
i'n  for  thirty  years.  After  the  departure  of  the  mother  the 
hter  developed  symptoms  of  the  disease  and  died.  Koran yi 
lever  seen  a  case  of  inoculation  direct  from  surface  to  surface, 
syphilis. 
he  period  of  incubation  lasts  from  one  to  three  days.     The 

frequent  seat  of  the  primary  lesion  is  the  face.     The  first 
eable  symptom  is  a  sensation  of  itching,  which  accompanies 
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the  appearance  of  a  small  red  spot  or  papule  resembling  clo- 
flea-bite;  twelve  or  fifteen  hours  later  there  forms  a  small  vesic 
which  is  not  distended,  and  which  contains  a  brownish  or  a  bin 
fluid.     If  the  vesicle  is  not  scratched,   it  gradually  dries  up  ^^ 
forms  a  scab.     The  surrounding  skin  is  somewhat  reddened,  in 
rated,  and  swollen.     This  change  is  the  precursor  of  the  g 
which  follows.      The  affected  area  enlarges  in  depth  and  wi 
color  darkens,  and  finally  there  is  formed  a  black  eschar,  whic 
first  superficial,  gradually  involves  the  deeper  layers  of  the  ss 
This  black  spot  varies  somewhat  in  size  from  2  mm,  to  2  cm. 
the  surface  it  is  hard  and  dry,  and  there  is  no  indication  of  si* 
ration.     The  slight  burning  sensation  which  existed  during-  *"' 
formation  of  the  vesicle  now  disappears,  and  the  lesion  is  ch 
terized  by  an  entire  absence  of  pain.     Presently  a  circle  or  jw. 
vesicles  forms  around  the  eschar,  giving  to  it  the  appearance  of  ^ 
seal  of  a  ring  set  in  pearls  (Bourgeois).     In  some  cases  it  look 
unlike  a  vaccine  vesicle.     The  vesicles  run  together,  and  the  Quid 
within  them  is  more  or  less  discolored  by  the  presence  of  blood- 
corpuscles.     In  the  mean  time  the  surrounding  skin  may  bee 
reddened,  although  it  does  not  always  change  color.     There  is  con. 
siderable  swelling  in  the  immediate  neigh borhood,   so  that  there 
forms  a  circular  tumor  distinctly  raised  above  the  level  of  the 
rounding  skin.     It  becomes  later  more  or  less  reddened  and  indu- 
rated, and  the  so-called  ucarbuncular  tumor"  is  thus  formed.    If 
the  disease  continues  to   progress,  the  surrounding  parts  be© 
affected,  and  an  cedematous  swelling  makes  its  appearance,  which 
may  in  some  cases  be  very  extensive.     In  a  case  of  malignant 
tule  of  the  neck  in  a  robust  young  man  under  the  writer's  care  the 
whole  side  and  front  of  the  neck  became  so  swollen  that  prepara- 
tions for  tracheotomy  were  made  in  case  dyspnoea  should  devt' 
The  tumor,  however,  subsided  and  the  patient  made  a  good  recover). 
If  the  oedema  continues,   fresh  crops  of  vesicles  often  appear, 
and   the   skin   becomes   more   or  less   affected  and   the  adjacent 
lymphatic  glands  are  enlarged.      The  development  of  these  local 
uptoins  occupies  from  three  to  nine  days.     Finally,  a  line  of 
demarcation  forms  around   the   eschar    and  the  slough  separates* 
leaving  a  granulating  surface,    or   cicatrization   may   take  place 
under  the  scab  without  any  suppuration.     According  to  Raim 
the  striking  peculiarities  of  the  malignant  pustule  are  the  absence 
of  pus  or  sanies  in  the  initial  lesion,  the  absence  of  pain,  and  the 
existence    of   a   vesicular    areola,    not    purulent  and  of  limited 
dimensions. 
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In  less  favorable  cases  the  inflammation  of  the  surrounding  ris- 
es is  more  marked  and  it  assumes  an  erysipelatous  appearance, 
ljlae  form  which  are  filled  with  bloody  fluid,  and  the  parts  below 
?  ecchymosed.  Suppuration  and  gangrene  finally  supervene, 
ilignant  pustule  is  found  almost  always  on  exposed  surfaces  of 
r  body,  such  as  the  face,  neck,  hands,  and  shoulders.  It  is  very 
ely  found  elsewhere. 

In  rare  cases  the  eschar  may  be  wanting,  and  an  cedematous 
ellidg  is  then  the  only  symptom  of  the  local  condition.  In  such 
tes  it  has  been  suggested  that  an  internal  infection  has  taken 
ice.  This  swelling  may  sometimes  be  very  extensive.  The 
is,  the  eye,  the  eyelids,  the  tongue,  the  chest,  and  the  upper 
tremities  may  become  involved  in  this  oedema.  The  swelling 
soft  and  diffuse,  and  is  without  change  in  the  color  of  the  skin. 

is  accompanied  by  grave  constitutional  disturbance. 

For  a  day  or  two  after  the  beginning  of  the  disease  there  may 
:  no  marked  disturbance  of  the  general  health,  and  the  patient 
ay  even  continue  at  his  work.  In  some  mild  forms  of  pustule 
iere  may  be  no  fever.  At  the  end  of  a  few  days  the  patient  begins 
1  complain  of  malaise,  nausea,  pain  in  the  muscles,  and  headache, 
Inch  symptoms  are  accompanied  with  a  rise  of  temperature.  In 
'vere  cases  the  heart's  action  is  weak  and  rapid,  and  there  is 
]  oppressive  anxiety,  with  rapidity  of  the  respiration.  There  is 
ight  icterus  and  other  symptoms  of  septicaemia.     The  prostration 

very  great,  and  in  the  last  stages  of  the  disease  the  condition  of 
inpatient  is  like  that  of  one  in  the  algid  stage  of  cholera. 

In  some  cases  tetanic  convulsions  and  trismus  precede  coma, 
Tien  infection  takes  place  through  the  intestinal  canal,  the  dis- 
se  begins  with  debility,  depression  of  spirits,  and  malaise,  and 
obably  a  chill.      In  addition  to  these  symptoms  of  constitutional 

fnrbance  there  are  symptoms  pointing  toward  the  intestines  as 
disease  develops.  Hemorrhages  may  occur  from  the  mouth 
i  the  nose,  and  vomiting  is  followed  by  a  bloody  diarrhoea. 
Eculty  of  breathing  and  cyanosis,  with  great  restlessness,  are 
3  seen  in  this  form.  An  eruption  of  small  phlegmonous  or  car* 
icular  inflammations  often  occurs  on  the  skin.  The  diagnosis 
mch  cases  is  often  extremely  difficult,  particularly  in  isolated 
es  occurring  independently  of  an  epidemic.  Microscopic  exam- 
tion  of  the  blood  or  an  inoculation  of  an  animal  furnishes  the 
y  conclusive  evidence  of  the  disease. 

The pathological  appearances  are  well  shown  in  an  examination 
a  section  taken  from  a  fresh  pustule  of  three  days'  duration. 
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An  eschar  is  seen  situated  beneath  the  epidermic  crust  And  the  re| 
mucosuni,  involving  the  upper  layers  of  the  cutis  vera  and  surconru 
ed  at  its  lower  border  by  a  round-cell  infiltration.     A  few  anthr 
bacilli   are  found  in  the  superficial  scab  and   in  the  rete.      In 
eschar  the  bacilli  are  very  numerous;  the  papilla?  are  distended  i 
filled  with  them,  but  they  were  not  found  in  the  hair- follicles,  - 
sebaceous   glands,    or    the    blood-vessels.      The   periphery    of 
eschar  is  occupied  by   micrococci   and  other   forms  of  bac: 
(Straus),     At  a  later  stage  of  development  the  eschar  involves^^ 
whole  thickness  of  the  cutis.     The  bacilli  may  be  found  in 
near   the   eschar   in   some   cases   for   eight   or  ten   days,  bul_ 
always,  for  the  putrefactive   bacteria  which   are  found  surra*.  ^ 
ing  the  eschar  appear  to  have  destroyed  the  anthrax  bacilli^ 

In  two  very  acute  cases  reported  by  Cornil  and  Babes  a  j^ 
mortem  examination  failed  to  show  the  bacilli  in  the  neighbor/j^ 
of  the  pustule  or  in  the  adjacent  tissues.  There  were  no  haci;/^0 
the  blood  of  the  heart  nor  in  the  blood  of  the  cutaneous  vessels, 
but  sections  taken  from  the  different  organs  gave  positive  results. 
The  bacilli  were  found  in  the  fibrous  tissues  which  accompanied 
the  vessels  of  the  lungs  and  in  the  subpleural  connective  tissues. 
A  section  of  the  mucous  membrane  of  the  stomach  showed  the 
bacilli  crowding  the  mucous  follicles,  while  but  few  organisms 
were  found   in  the  blood-vessels. 

Rosenblath  reported  a  case  of  a  boy  eight  years  of  age  who  died 
of  malignant  pustule  on  the  seventh  day.     An  examination 
blood  and  the  organs  showed   the  existence  of  only  a  moderate 
number  of  bacilli,  and  those  apparently  not  in  an  acti1 
development.     The  number  of  cocci  found  in  the  blood  and  in  the 
fluid  of  the  peritoneal  cavity  was  very  great. 

In  intestinal  anthrax  an  examination  of  the  mucous  membrane 
showed,  in  a  case  reported  by  Cornil  and  Babes,  oedema  and  ecchy- 
cooeis  in  the  jejunum,  as  well  as  ulcers.  The  mesenteric  glands  were 
enlarged.  The  bacilli  were  found  in  the  blood-vessels,  in  the  tissne 
comprising  the  bases  of  the  ulcers,  and  in  the  mesenteric  glands. 
In  the  Dupuytren  Museum  there  is  a  specimen  of  a  stomach,  taken 
by  Vemeuit  from  an  individual  who  died  of  anthrax,  con; 
gangrenous  patches  and   inflammation  of  the  intestine. 

Decomposition  of  the   cadaver  begins  rapidly.     The  blood  is 
thick,   tarry,   and  shows  no  tendency  to  coagulate.     There  is  i 
tendency  to  hemorrhages  in  the  serous  and  mucous  membranes. 
The  spleen  is  often  enlarged  and  ruptured,  but  not  invariably. 
The  prognosis  of  anthrax  in  man  varies  greatly.    In  general  man 
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id  to  be  an  insusceptible  animal;  consequently  in  most 
in  young  and  healthy  individuals  in  America  the  dis- 
a  mild  course.     When  the  pustule  tends  to  remain  local- 
is  uninflamed,  the  general   disturbance  of  the  system  is 
the  toxic  products  of  the  organism,   but  when  once  a 
nfection  of  the  system  takes  place  the  disease  in  all  prob- 
ill  terminate  fatally. 

ugh  occasionally  some   of  the  mild  cases  of  malignant 

recover  without   treatment,   it  would   be   unsafe   to  allow 

to  pursue  its  course  without  interference.     The  treatment 

e  radical,  and  it  should  aim  to  remove  the  infected  area  as 

ly  and  promptly  as  possible  while  it  is  still  localized.    One 

ost  effective  methods  of  effecting  this  removal  is  excision. 

Fe  should  be  carried  well  outside  the  areola  surrounding  the 

The  wound  should  then  be  washed  or  mopped  with  a  solu- 

Drrosive  sublimate  (1  :  1000),  and  an  antiseptic  dressing,  or, 

antiseptic  poultice,  should  be  applied  to  the  wound.   The 

of  the  dressing  will  be  determined  by  the  nature  of  the 

The  best  substitute  for  the  knife  is  the  actual  cautery, 

ould  be  applied  deeply  around  and  beneath  the  edges  of 

ar.     Small  pustules  may  be  treated  by  the  application  of 

crystals  of  carbolic  acid.    A  small  incision  would  favor  the 

ication  of  the  acid.    Larger  pustules  may  be  incised  freely, 

isted  with  powdered  corrosive  sublimate,  which  favors  the 

on  of  the  entire  mass  (Whittaker). 

11s  injections  of  carbolic  acid  (from   5   to  10  per  cent. 

around  the  edges  of  the  eschar  may  arrest  the  progress  of 

but  this  form  of  treatment  is  less  thorough  than  those 

entioncd.     The  employment  of  toxines  may  eventually 

successfully  in  the  treatment  of  this  disease.     Ogata's 

ts  are  suggestive  in  this  connection.      This  author  states 

lcceeded  in  eliminating  immunizing  substances  from  the 

animals   insusceptible   to   anthrax.     This   substance   he 

as  a  ferment  which,  when  injected  into  animals,  acts  as 

:  and  a  protective  agent.     The  bacillus  pyocyaneus  has 

nd  to  exert  an  inhibitory  influence  upon  the  development 

hrax  poison,  and  it  is  possible  that  this  organism  may  in 

nice  eventually  be  employed  as  a  therapeutic  agent.    Inter- 

tion  is  probably  useless  when  once  general  infection  is 

,  but  a  liberal  and  judicious  use  of  alcoholic  stimulation 

e  the  system  to  battle  successfully  against  the  general  iza- 

e  disease. 
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Anthrax  in  Animals, — The  disease  may  develop  in  animal 

either  with  or  without  local  manifestations.  The  latter  fbn 
occurs  more  frequently  in  sheep  and  cows.  It  comes  on  soin., 
times  with  great  violence,  and  it  is  then  known  as  the  "apopl^ 
tic"  form.  A  healthy  and  robust  animal  may  be  taken  sudder^ 
with  convulsions,  foaming  at  the  mouth  and  nose,  and  may  die 
a  few  minutes,  or  it  may  rally  for  a  time  and  the  attack  again  beg^ 
The  breathing  is  increased  in  rapidity  and  is  irregular,  and 
heart's  action  becomes  weak  and  rapid.  Symptoms  of  ana^mu^ 
the  brain  show  themselves.  There  is  dilatation  of  the  pupils,  tr-^ 
bling,  convulsions,  foaming  at  the  mouth  and  nose,  and  dIoq 
evacuations  of  bowels,  and  in  a  few  hours  the  animal  is  «j^ 
(Koranyi).  The  disease  may,  however,  last  longer,  in  which  ea. 
there  is  a  chill  with  high  fever,  swelling  of  the  eyelids  and  ti 
nasal  mucous  membrane,  and  attacks  of  colic.  This  is  the  \rm 
splenic  lever. 

Anthrax  may  develop  in  animals  with  a  carbuncular  swt 
or  swellings,  which  are  often  seen  in  horses.  They  appear  as 
cumscribed  swellings  (hot  and  tender),  which,  as  they  grow,  beconc^ 
softer,  cooler,  and  less  sensitive.  If  they  are  deeply  situated,  \\c 
skin  is  not  discolored  and  there  is  a  good  deal  of  surrounding  ccd« 
ma.  In  the  skin  the  carbuncle  is  reddened  or  dark-colored.  Qccfi 
sionally  the  local  swelling  assumes  an  erysipelatous  character,  an* 
emphysematous  gangrene  eventually  develops.  The  carbunculs 
swellings  are  seen  on  the  head,  the  neck,  the  belly,  and  the  extrem 
ities. 

A  post-mortem  examination  shows  the  blood  to  be  thick 
like,  and  incoagulable.     The  vessels  of  the  subcutaneous  tissa_ 
the  mucous  membranes,  the  alimentary  canal,  and  the  mesentec 
glands  are   distended  with  blood,   and  there  are  numerous  bloo* 
extravasations  which  seem  to  break  up  the  muscul&i  I  aa 

the  parenchyma  of  organs.  The  spleen  is  enormously  enlarge 
Its  parenchyma  is  softened  to  a  semifluid  mass  of  a  violet  or  aimer 
black  color.  The  capsule  at  times  is  ruptured,  and  the  conter" 
escape  into  the  peritoneal  cavity.  The  mortality  of  this  disease 
animals  is  placed  at  70  per  cent,  and  by  some  authors  as  hi 
75  to  80  per  cent. 

The  thorough  study  that  has  been  given  to  the  organism 
is  the  cause  of  this  disease  should  leave  the  sanitary  authorities 
excuse  for  not  adopting  the  most  scientific  means  of  disinfectic 
infected  districts,  for  on  no  other  basis  can  there  be  any  hop 
stamping  out  the  disease  when  it  has  once  established  itself 


1 

ities 

lope- 

I  itself. 
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Glanders  is  an  infectious  disease,  characterized  by  the  forma- 
tion of  nodules  and  ulcers  in  the  mucous  membranes,  principally 
of  the  nares,  and  in  the  skin.  It  is  found  in  the  horse  and  other 
domestic  animals  and  in  man,  and  it  is  caused  by  a  specific  patho- 
genic organism.  The  term  farcy  (farczo,  to  stuff)  is  applied  to  that 
variety  which  involves  the  lymphatics  and  is  seen  principally  in 
tlie  skin.  Equima  is  a  name  which  has  been  employed  also  to  a 
limited  extent  to  designate  this  disease.  Its  Latin  name  is  mal- 
fevs.1  The  French  call  it  morve,  and  the  Germans  Rots  and 
Wurm. 

Glanders  is  found  not  only  in  the  horse,  but  also  in  asses  and 
rallies,  sheep,  goats,  and  rabbits;  mice  and  guinea-pigs  are  sus- 
ceptible to  the  disease  when  inoculated,  but  mice  are  not  suit- 
able for  inoculation-tests,  as  they  are  apt  to  die  of  septicaemia. 
Dogs  are  but  slightly  susceptible.  Glanders  appears  to  occur 
among  horses  in  all  climates  and  in  all  countries. 

According  to  Virchow,  this  disease  should  be  classed  with  tu- 
bercle and  syphilis  under  the  general  head  of  granulomata:  in  many 
respects  it  resembles  these  diseases  closely,  and  has  often  been  mis- 
taken for  them.     The  granulation-like  tumors  which  are  so  cha- 
racteristic are  caused  by  the  presence  in  the  tissues  of  the  bacillus 
mallei.     This  organism  was  first  described  in  1882  by  Loftier  and 
Schutz,  but  the  organism  was  also  discovered  simultaneously  by 
Babes  and  Israel.     A  description  of  this  bacillus  will  be  found  on 
page  62  (Pig.   18).      Though  always  due  to  the   same  organism, 
glanders  manifests  itself  in  many  ways  in  different  individuals,  so 
that  in  an  epidemic  in  one  stable  dissimilar  types  of  the  disease  are 
seen  in  different  cases.      There  may  be  infection  of  the  lymphatic 
glands  or  of  the  nasal  mucous  membrane,  or  an  inflammation  of 
the  long  or  metastatic  abscesses,  with  general  febrile  disturbance. 
The  attempt  formerly  made  to  separate  the  disease  into  several 

'A  name  given  by  the  ancient  Lalin  writers  on  veterinary  medicine  to  various  diseases  of 
tile  horse.  The  original  meaning  is  kamtnn ".'  the  connection  is  obscure — perhaps  from  the 
fain/ul  and  fatal  character  of  such  diseases,  or  from  malleus,  meaning  the  mallet  of  the 
twrber at  t sacrifice:  also  fin  the  diminutive  form  ma/bolus)  a  fire-dart.  The  alleged  Greek 
•wd^aJif  or  fta).ia  is  probably  a  corruption  of  the  Latin. 
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varieties  should  therefore  be  abandoned.     Experiments  show  th 
the  bacilli  gain  au  entrance  into  the  body  through  slight  woun 
and  that  inoculation  takes  place  through  scratches  and  abrasi 
of  the  mucous  membrane  of  the  mouth  and   the  digestive  tra 
Frankel  adopts  the  view  that  horses  acquire  glanders  by  inha" 
tion,  but  the   nasal  symptoms  which  are  so  prominent  a  feature 
the  disease  are  attributed  by  Baumgarteu  to  the  general  syfifc 
infection  which  has  previously  taken  place.     The  disease  can 
transmitted  from  mother  to  foetus  in  ultra. 

Babes  and  Nocard  succeeded  in  obtaining  an  infection 
guinea-pigs  through  the  intact  skin,  but  it  is  probable  that  the  d 
ease,  clinically,  is  not  propagated  in  this  way.  It  is  more  prober/*, 
that  infection  takes  place  through  the  intact  mucous  mem  bran 
and  it  appears  that  infection  probably  does  take  place  in  the  ba 
frequently  through  the  air-passages  by  the  inhalation  of  the  dn 
organisms  in  the  form  of  dust.  In  this  way  glanders  may  be 
communicated  from  one  animal  to  another.  It  is  said  that  glan- 
ders has  been  transmitted  to  menagerie  animals  by  feeding  them 
with  the  flesh  of  diseased  horses.  Decroix,  however,  disproved 
this  theory  by  eating  with  impunity  the  meat  of  a  glandered 
horse,   both  cooked  and  raw. 

In  man  the  usual  mode  of  infection  is  through  some  slight 
wound  of  the  hands  that  is  inoculated  while  grooming  or  feeding 
diseased  horses  or  while  handling  the  carcasses  of  dead  animals. 
The  disease  may  also  be  acquired  by  contact  of  tf  b  the 

mucous  membrane  of  the  eye,  the  nose,  or  the  mouth.      This  may 
happen  by  the  animal  snorting,  by  which  small  particles  of  po 
of  mucus  are  blown  into  the  face  of  an  individual  in  attendance. 

In  making  experimental  inoculations  with  the  secretion,  placed^ 
in   contact  with    the   mucous   membranes   of  animals,  it   has   beer 
found  that  considerable  quantities  of  the  material  are  neces&n? 
ensure  infection.     This  fact  is  accounted  for  by  the  small  uuin 
of  bacilli  found  in  these  secretions,  they  being  easily  destr. 
other  bacteria.     It  is  therefore  often  difficult  to  recognize  thed 
ease  by  a  microscopical  examination  of  the  discharges  from  xnei 
branes  or  from  abscesses. 

The  disease  may  also  be  transmitted  from  man  to  animals,  a 
in  very  rare  instances  from  man  to  man.     Cases  are  reported  wh^*^ 
an  entire  family,  one  after  another,  has  been  attacked.     It  said    f0 
have  been  communicated  by  eating  from  the  same  dish  with  a  « 
eased  individual  or  by  drinking  from  a  pail  which  had  been  used 
by  a  diseased  horse. 


Bfrard  reports   the   inoculation   of  a  medical  student  from  a 
catient  in   the   hospital,   and   more   than   one   experimenter  has 
£»Uen  a  victim  to  the  disease  during  scientific   inoculation-expe- 
r£ra£9fe&     Man,   in  fact,  appears  to  be  highly  susceptible  to   the 
Aisease* 

Glanders  in  Man. — In  90  per  cent,  of  the  cases  the  disease  is 
^fcuserved  *n  individuals  who  come  in  contact  with  horses — coach- 
wtm.  en,  horse-dealers,  soldiers,  fanners,  veterinary  surgeons,  students, 
^»nd  blacksmiths.  According  to  Bollinger,  only  6  out  of  120  cases 
:urred  in  women,  and  these  for  the  most  part  were  employed  in 
bles  or  belonged  to  the  families  of  individuals  thus  employed, 
he  period  of  incubation  lasts  from  three  to  eight  days  (Koranyi). 
There  has  been  a  great  variety  of  classifications,  which,  now 
1 1  ut  the  etiology  of  the  disease  is  understood,  it  is  better  to  discard, 
*~X*\\z  types  of  the  disease,  therefore,  will  simply  be  divided  into 
4Mj%tc  and  ckromsc 

A:  the  end  of  the  incubation  period  an  inflammation  appears  at 
trie  point  of  inoculatiou,  which  inflammation  frequently  becomes 
severe  and  assumes  an  erysipelatous  character,  and  an  unhealthy 
a  leer  forms.  The  adjacent  lymphatic  glands  are  swollen,  and 
running  toward  them  there  are  frequently  red  lines,  indicating 
accompanying  lymphangitis.  Around  the  point  of  inoculation 
there  appear  often  minute  vesicles,  which  enlarge  and  become  hem- 
orrhagic, and  which  later  suppurate  or  are  accompanied  by  gan- 
grene of  the  parts  beneath.  If  the  wound  has  already  healed,  it 
may  reopen  and  ulcerate.  This  ulceration  may  eventually  heal 
after  a  long  time,  or  it  maybe  followed  by  constitutional  symptoms, 
leading  to  a  fatal  result  without  other  local  manifestations.  Con- 
stitutional disturbance  is,  however,  not  always  present,  but  there 
are  often  malaise,  headache,  and  prostration,  and  more  rarely  a  chill; 
but  when  the  local  inflammatory  symptoms  develop  there  is  a  cor- 
responding amount  of  fever,  which  gradually  subsides  as  the  local 
iptorns  improve  and  the  patient  recovers. 

In  the  greater  number  of  cases,  however,  the  disease  progresses 
farther,     In  the  .severe  cases  there  are  prodromal  symptoms  fol- 
lowed by  an  outbreak  of  fever.     Nose-bleed  is  often  an  accompani- 
ment of  the  fever;  also  severe  pain  in  the  muscles  and  joints,  par- 
D  the  lower  extremities,  but  they  may  exist  also  in  the 
neck  and  the  chest;  usually  no  swellings  are  seen  at  the  painful 
spots,  but  at  times  there  arise  oedematous  tumors,   nodules,   and 
-hich  may,  however,  disappear  with  great  rapidity.     Some 
°t  thex<*  swellings  may  suppurate  and  form  abscesses. 
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After  the  fever  has  lasted  from  six  to  iwelvc  days  an  em] 
makes  its  appearance.  Small  papules,  isolated  or  in  clusters,  form 
on  the  face,  the  trunk,  and  the  extremities,  and  they  gradually 
develop  into  pustules  with  an  inflamed  base.  These  pustules  dry 
up  or  ulcerate  while  others  are  forming,  and  frequently  bulla: 
appear  with  hemorrhagic  or  gangrenous  contents.  The  face  now 
begins  to  swell,  either  on  account  of  the  presence  of  pustules  or 
from  the  condition  of  the  nose.  A  dark  bluish-red  tumor  forms, 
which  is  firm  in  consistency  and  which  is  covered  with  vesicles 
presenting  an  appearance  somewhat  like  that  of  the  anthrax  car- 
buncle. The  eyelids  are  swollen  and  a  thin  muco-p  tint  lent  dis- 
charge flows  from  the  conjunctiva. 

At  first  there  is  dryness  in  the  nasal  mucous  membrane 
almost  always  there  is  hemorrhage.     Later  there  is  a  feeling  of  ten- 
sion about  the  root  of  the  nose  and  the  mucous  membrane  swells. 
The  discharge  at  first  is  scanty,  and  is  followed  by  a  thin,  tenacious 
bloody  mucus,  which  later  becomes  a  dirty  yellow,  and   which  is 
extremely  foul  in  odor.     Pustules  and  ulcers  may  be  seen  upon  the^, 
mucous  membrane,  and  perforation  of  the  septum  may  occur.    Th 
discharge  flows  back  into  the    throat,  whence  it   may  be 
torated. 

Inflammatory  changes  also  occur  in  the  mouth,  the  pharynx,  a: 
the  palate.     The  mucous  membrane  ulcerates,  and  the  gums  easi 
bleed.     The  breath  of  the  patient  becomes  offensive;  swallowii 
is  difficult.     In  some  cases  the  inflammation  extends  to  the  Inn 
and   symptoms  of    bronchial   catarrh   occur.     The   expectorati.  ^ 
strongly  resembles  that  secreted  from  the  nostrils.      There  may        \* 
pleuritic   pains   with  difficulty   of    respiration,    and    occasions,  ^jj 
oedema  of  the  glottis  supervenes.     There  is  often  gastric  distt*.  -»&. 
ance  with  symptoms  of  intestinal  catarrh,  and  diarrhoea  often     -oc- 
curs.    In  the  mean  time  the  development  of  pustules,  fcx 
abscesses  continues,   and  suppuration  may  extend  as  deep  as     \h? 
muscles  or  even  to  the  bones. 

These  different  symptoms  do  not  appear  in  any  regular  a 
During  the   progress  of   the   disease   the  patient  becomes 
weakened  and  the  fever  assumes  a  typical  character.     The  p 
is  rapid,  but  it  becomes  weaker  as  the  disease  progresses.     Toward 
the  end  the  skin  is  cold  and  clammy,  the  ulcers  are  much  enlarged, 
and  they  discharge  foul  secretions.     The  evacuations  are  involun- 
tary, and  death  may  be  preceded  by  coma  or  by  tetanic  com 
sious. 

The   course   of  chronic  glanders   varies  greatly:   it  may  I, 
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mouths  or  even  years,  and  many  of  the  usual  symptoms  may  be 
■wanting.  The  same  local  changes  in  cases  of  inoculation  may 
develop  as  those  in  acute  glanders.  In  case  no  obvious  primary 
lesion  is  visible,  there  may  only  be  vague  and  ill-defined  symptoms 
of  debility,  combined  with  recurring  febrile  attacks  and  pains  in 
the  limbs  and  joints.  Presently  a  cough  appears;  there  is  tender- 
ness about  the  root  of  the  nose,  with  muco-puruleut  discharge 
mixed  with  blood;  and  the  patient  may  finally  waste  away  with 
ams  of  hectic  fever.  In  many  cases  of  chronic  catarrh  there 
inav  be  considerable  destruction  of  the  septum  and  of  other  bones 
of  the  nasal  passages. 

When  the  cutaneous  affections  are  a  feature  of  the  case  there  is 
less  of  the  nasal  catarrh.  There  are,  however,  numerous  boils  and 
abscesses,  accompanied  more  or  less  with  lymphangitis.  The 
abscesses  may  break  and  discharge  thick  pus,  and  finally  may  heal 
or  may  remain  as  sinuses,  discharging  a  thin,  foul  secretion.  The 
favorite  seats  of  abscesses  are  in  the  flexures  of  limbs,  particularly 
of  the  lower  extremities,  and  in  the  neighborhood  of  joints.  The 
abscesses  often  become  ulcers  with  everted  borders.  In  addition  to 
these  abscesses  there  are  often  circumscribed  or  diffused  swellings 
which  are  accompanied  with  considerable  pain,  but  without  much 
change  in  the  skin,  and  which  after  a  time  disappear.  The  chronic 
form  of  glanders  may  continue  indefinitely,  appear  to  improve 
greatly,  and  then  perhaps  become  acute,  or  the  chronic  symptoms 
reappear  and  the  patient  gradually  succumbs  to  the  disease. 

Pathological  Anatomy  * — The  characteristic  features  of  this  dis- 
ease in  man  as  well  as  in  animals  are  the  glanders  nodules,  or  the 
so-called  M  farcy  buds,1'  which  are  found  everywhere  on  the  skin. 
Lesions  are  found  also  in  the  nose,  in  the  subcutaneous  and  sub- 
mucous tissue,  in  glands,  in  muscles,  in  the  periosteum,  and  in 
bones. 

In  the  skiu  the  pustules  are  a  characteristic  feature.  They  are 
found  to  be  due  to  a  breaking-down  of  the  coriuin  and  to  the  for- 
mation there  of  a  cup-shaped  depression  filled  with  broken-down 
material.  Appeariug  first  like  a  flea-bite,  the  skin  is  raised  in  a 
papular  elevation,  on  the  apex  of  which  the  pustule  develops; 
later  the  pustules  are  discolored  by  extravasations  of  blood,  and, 
when  the  scales  fall  off,  they  may  form  ulcers.  These  ulcers  evi- 
dently result  from  the  breaking  down  of  minute  glanders  nodules 
in  the  true  skin.  The  nodules  are  seen  also  in  the  mucous  mem- 
brane of  the  nose,  and  the  changes  here  are  so  characteristic  as  to 
establish  the  diagnosis  in  doubtful  cases.     There  is  also  catoi^l 


49Q 


UCAL  PATHOLOGY  AND   TH ERA  PEL 


inflammation  and  ulceration,  which  condition  may  extend  inlo  the 
antrum  and  sphenoidal  sinuses,  In  the  later  stages  there  is  often 
extensive  destruction  of  the  bones,  and  the  cranial  cavity  may  be 
invaded,  pus  being  formed  beneath  the  don  mater. 

Miliary  nodules  and  little  abscesses  are  fouud  in  the  gums,  the 
pharynx,  the  larynx,  the  trachea,  and  the  bronchi,  and  there  are 
fouud  in  the  lungs  numerous  small  areas  of  consolidation,  some  of 
which  have  suppurated. 

The  muscles  also  are  frequently  the  seat  of  nodules.  These 
nodules  are  found  in  the  biceps*  in  the  flexors  of  the  forearm,  in 
the  rectus  abdominis,  in  the  pect'oralis,  and,  finally,  at  the  point  of 
insertion  of  the  deltoid.  A  species  of  capsule  is  formed  by  the 
inflamed  perimysium,  which  capsule  encloses  nodules  the  size  of  a 
pea.  Abscesses  develop  here  also,  and  they  may  find  their  wav  to 
the  surface  through  the  skin  or  they  may  burrow  down  and  cause 
necrosis  of  the  bone.  The  synovial  membrane  is  often  studded 
with  miliary  nodules,  and  the  cavity  is  filled  with  an  exudation. 
The  lymphatic  glands  are  less  affected  in  man  than  in  horses. 

There  is  also  a  fatty  degeneration  of  the  liver,  a  swelling  and 
possibly  infarction  of  the  spleen,  minute  abscess  of  the  kidney,  and 
sometimes  of  the  parotid  inland.  The  testicle  may  become  inflamed, 
and  nodules  with  abscesses  or  fistulae  may  eventually  develop. 

The  diagnosis  of  glanders   is    often   difficult,    owing  to    the 
varieties  of  the  disease  and,  in  many  cases,  to  the  absence  of  an 
external  point  of  entrance.     When  the  constitutional  disturbance 
has   been   profound   the  disease   might   at   first   be   mistaken  for>. 
typhoid  fever.    The  presence  of  tin:  multiple  abscesses,  both  extern  -^  ^ 
nal  and  internal,  makes  up  a  picture  which  bears  a  striking  resem  *~^1 
blance  to  pyaemia.     In  both  cases  the  presence  of  nasal  symptom- 
together  with  a  consideration  of  the  patient's  occupation,  wouL#- 
aid  in  the  recognition  of  the  disease.     Some  of  the  chronic  typ*^^ 
with  implication  of  the  lungs  might  readily  be  mistaken  for  tnbe*^^ 
entasis,   and  the  appearance  at  the  autopsy  even  might  in  *** — ^^ 

cases  be  misleading.     In  the  chronic  form  of  nasal  glanders  U ^ 

ozeena  bears  a  close  resemblance  to  the  later  stage  of  syphilis,  *^^jt(j 
in  some  cases  only  by  a  course  of  scientific  treatment  might  it        l 
possible  to  make  a  differential  diagnosis.     The  disease,  how<. 
can  definitely  be  recognized  by  the  demonstration  of  the  baci"fc 
and  its  culture,  which  on  potato  is  most  characteristic, 
often  difficult  to  obtain  bacilli  in  the  secretions,  recourse  mus-x:  be 
lad  to  inoculation  of  guinea-pigs  in  a  manner  presently  U_> 
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Tlie  prognosis  of  acute  glanders  is  extremely  unfavorable,  the 
disease  usually  terminating  fatally  in  from  one  to  three  weeks.  In 
the  chronic  form,  according  to  Bollinger,  recovery  takes  place  in 
about  50  per  cent,  of  the  cases.  According  to  Koranyi,  the  chronic 
variety,  formerly  known  as  "farcy" — that  is,  the  nodular  form — 
runs  a  more  favorable  course  than  the  nasal  form  of  chronic 
ganders. 

The  period  of  incubation  of  the  disease  in  animals  lasts  from 
riiree  to  five  days.     The  nasal  form  of  glanders  is  more  frequent  in 
horses  than  in  man.     In  the  chronic  form  the  catarrh  of  the  nasal 
mucous  membrane  is  usually  one  of  the  first  symptoms,  and  an 
eruption  of  nodules  in   the  membrane  occurs  at  the  same  time. 
The  disease  may  at  first  be  confined  to  one  side.      An  inspection  of 
the  mares  will  show  the  presence  of  nodules  and  ulcers.     The  sub- 
maxillary glands  of  one  or  both  sides  are  enlarged.     When  the 
ti leers  form,  the  discharge  becomes  purulent,  and  the  disease  grad- 
ually spreads  from  the  nose  through  the  air-passages  to  the  lungs. 
Later,  nodules  or  fare) '-buds  may  appear  beneath  the  skin.      The 
animals  gradually  waste  away,  and  they  may  ultimately  die  a  year 
after  the  appearance  of  the  first  symptoms. 

Acute  glanders  may  occur  primarily  or  it  may  come  on  at  any 
tune  in  the  course  of  a  chronic  case.  The  disease  begins  with 
some  febrile  disturbance  and  with  violent  inflammation  of  the 
nasal  mucous  membrane.  In  a  few  days  glanders  nodules  make 
their  appearance  in  the  nose,  the  throat,  and  the  lungs.  At  the 
same  time  there  is  general  engorgement  of  the  lymphatic  glands 
and  lymphangitis.  Nodules  and  cords  are  felt  beneath  the  skin, 
which  in  places  is  cedematous.  Swellings  may  subside  suddenly 
and  others  appear  at  different  points  (flying  farcy).  These  external 
mptoms  show  themselves  at  first  about  the  head  and  the  neck, 
and  later  they  spread  to  other  portions  of  the  body.  The  animals 
begin  to  cough  and  to  grow  thin,  and  after  an  illness  of  from  eight 
to  fourteen  days  death  occurs.  The  prognosis  of  the  disease  in 
animals  is  most  unfavorable. 

In  a  case  of  doubtful  disease,  whether  in  man  or  in  animals,  a 
bacteriological  examination  will  settle  the  question  of  diagnosis, 
A   small  amount  of  pus  from  an  ulcer  or  of  the  nasal  secretion  is 
spread  over  a   cover-glass  and   stained  by  the   ordinary  method. 
When  bacilli   cannot  be  demonstrated  in   this   way  in  the  secre- 
tions, experimental  inoculation  may  be  made  in  animals  for  this 
purpose. 

Straus   recommends    an    inoculation   of    the   secretions   to    be 
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examined  into  the  peritoneal  cavity  of  guinea-pigs,  or  to  obtain 

cultures  from  these  secretions  and  then  to  inoculate  the  animals 
with  these  cultures.  An  inflammation  of  the  testicles  shows 
itself  ill  the  animal  two  or  three  days  after  the  inoculation. 
The  skin  of  the  scrotum  becomes  tense,  reddened,  and  shiny, 
and  there  is  desquamation  of  the  epidermis,  An  abscess  event- 
ually forms.  These  animals  die  in  from  twelve  to  fifteen  days. 
The  same  symptoms  occur  after  subcutaneous  inoculation,  but 
somewhat  later. 

Kalming  prepared  a  mixture  of  a  pure  culture  of  the  bacilli  in 
water,  and  subjected  it  to  a  temperature  of  1200  C. ;  it  was  then 
filtered  and  injected  into  horses  which  were  suspected  of  h.v 
glanders,  and  also  into  healthy  horses.  In  the  diseased  animals  i: 
invariably  produced  a  rise  of  temperature.  Preusse  and  Pearson 
and  others  repeated  these  experiments  with  the  same  results.  It 
may  be  concluded,  therefore,  that  this  substance  (mallein)  possesses 
a  diagnostic  value. 

The  treatment  of  glanders  in  man  consists  principally  in  the 
treatment  of  symptoms  as  they  arise.  If  a  wound  is  suspected  of 
being  infected  with  the  virus,  it  should  be  allowed  to  bleed  frt 
and  it  should  then  be  disinfected  with  a  strong  solution  of  coirosiv 
sublimate  or  of  carbolic  acid,  and  be  cauterized  with  the  actual  cau- 
tery. The  external  abscesses  should  be  treated  on  antiseptic  pri 
ciples  as  far  as  possible.  The}'  should  be  laid  open  and  thoroughly 
disinfected,  and  an  attempt  should  be  made  in  this  way  to  a: 
the  progress  of  the  disease.  If  the  initial  lesion  is  taken  in  tim 
such  attempts  may  prove  successful. 

Bayard  Holmes  recommends  thorough  curretting,  followed 
swabbing  the  cavity  with  a  saturated  solution  of  sulphate  of  zi 
The  cavity  is  then  packed  with  iodoform  gauze  wet  in  a  saturat 
solution  of  iodide  of  potassium.       Excision  of  small   nodules 
recommended  by  him.     In  a  case  reported  by  Holmes  a   pari 
during  two  years  and  a  half  was  anaesthetized  twenty  times, 
new  foci  were  opened  or  old  ones  scraped  out.     A  permanent  c 
was  finally  effected.     The  strength  of  the  patient  should  be  mafe. 
tained  by  judicious  stimulation.       The  nasal   ulceration    may 
treated  by  mild  antiseptic  washes  and  douches,   and  the  co»xk#. 
tion  in  the  mouth  be  treated  by  appropriate  gargles.      In  acn/fc 
cases    there    is    little    prospect    of  doing   anything    more   thai]  #> 
relieve  the  sufferings  of  the  patient. 

The  only  approach  to  an  attempt  at  a  specific  treatment  of 
disease  is  the  employment  of  the  so-called   "nialk  Itispfc. 


pared  somewhat  after  the  manner  of  Koch's  tuberculin.  Bouome 
prepares  mallein  as  follows:  A  culture  may  be  made  from  the  blood 
or  from  the  fresh  viscera  of  animals  who  have  undergone  experi- 
mental inoculation  with  the  vims,  or  from  glanders  nodules.  The 
active  principle  of  the  glanders  bacilli  is  precipitated  by  treatment 
with  large  quantities  of  alcohol.  The  fluid  is  afterward  evaporated 
in  ■  vacuum  of  350  C.  This  first  precipitate  is  dissolved  in  water, 
and  is  sterilized  for  three  minutes  at  a  temperature  of  ioo°  C.,  and 
is  again  precipitated  and  subjected  to  evaporation.  In  this  way 
Bonome  obtained,  after  the  addition  of  sterilized  water,  a  yellow- 
ish-gray, sometimes  whitish,  odorless,  neutral  fluid,  which  was 
preserved  in  a  sterilized  vessel  with  a  2  per  cent,  solution  of  car- 
bolic acid. 
Healthy  guinea-pigs  were  not  affected  by  the  drug,  but  gtrinea- 
55  which  had  been  inoculated  with  the  glanders  virus  were  made 
worse  by  large  doses  of  utallein  (10-15  m&)i  Dllt  were  cured  by  re- 
peated small  doses  (0.5  to  1.00  tug.).  They  thus  gradually  acquired 
□unity  to  larger  doses.  Rabbits  wasted  away  and  died  from  the 
effects  of  the  mallein,  their  glanders  being  made  worse.  It  was 
concluded,  therefore,  that  mallein  had  a  therapeutic  value  for 
guinea-pigs,  but  only  a  diagnostic  value  for  rabbits.  Mallein 
had  only  a  diagnostic  value  for  horses,  producing  fever  in  those 
that  were  affected  with  glanders.  In  guiuea-pigs  mallein  appeared 
to  act  very  much  as  tuberculin  acts.  These  animals,  when  healthy, 
reacted  to  large  doses  of  both  drugs  in  the  same  way.  In  the  case 
of  glanders  guinea-pigs  react  to  small  doses  of  mallein  in  the  same 
Way  that  tuberculous  guinea-pigs  react  to  small  doses  of  tuber- 
culin, minimal  doses  of  these  two  drugs  having  a  therapeutic 
value  for  these  animals. 

Bonome  experimented  also  with  cadaverin,  thymus  extract,  and 
neurin.  When  these  substances  were  mixed  with  cultures  of  the 
bacillus  mallei  they  appeared  to  restrict  its  development,  but  the 
experiments  made  on  animals  do  not  appear  to  have  been  suf- 
ficiently complete. 

Fortunately,  epidemics  of    the  disease   do   not  flourish    to   any 
great  extent  in  America.     In  Boston  there  have  been  six  deaths 
from  glanders  in  man  during  the  years  1885  to  1891,  inclusive. 
During  1891   there  were  but  twelve  cases  of  glanders  in  animals 
reported  to  the   Board  of  Health.     The  animals  were  promptly 
kilted,  and   the  premises  on  which   they  had  been  stabled  were 
thoroughly  disinfected  by  the  authorities.     In  the  State  of  Mas- 
sachusetts the  regulations  for  the  control  of  contagious  diseases 
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in  cattle  are  made  by  the  Board  of  Cattle  CoirnnissJoners,  aad 
failure  to  comply  with  the  law  is  punishable  by  fine  or  by  im- 
prisonment 

Epidemics  of  glanders  were  in  1887  reported  to  Washington, 
D.  C,  from  the  States  of  Georgia,  Virginia,  Texas,  Pennsylvania, 
Louisiana,  and  the  District  of  Columbia;  also  from  Oowala,  Chero- 
kee Nation.  The  Minnesota  State  Board  of  Health  reports  that 
from  March,  1885,  to  April,  1886,  it  had  isolated  over  450  he 
affected,  or  suspected  of  having  been  affected,  by  glanders. 


XXIII,    SNAKE-BITE. 

/^ICOKG  the  great  variety  of  bacterial  poisons  which  have  thus 

Ifai  been  studied  there  is  hardly  one  which  can  compare  in  viru- 

%  ttCe  "with  the  venom  of  poisonous  snakes.      It  may  be  regarded  as 

^e  acme  of  the  type  of  animal  poison,  which  in  the  rapidity  and 

.w  disastrous  effects  of  its  action  is  without  a  rival. 

peaths  from  snake-bite  are  not  very  common  in  the  United 
States,  although  rattlesnakes  are  still  very  numerous  in  certain 
portions  of  the  country.  In  India,  however,  the  mortality  is 
frightful,  which  is  due  partly  to  the  enormous  number  of  ser- 
pents and  partly  to  the  careless  habits  of  the  natives  and  to  the 
exposure  of  the  person  from  scanty  clothing. 

A  series  of  careful  returns  compiled  by  Fayrer  shows  that  in 
1869  the  number  of  deaths  from  snake-bite  in  the  Bengal  Presi- 
dency was  11,416.  He  estimates  that  deaths  in  India  from  this 
source  alone  amount  annually  to  20,000.  In  1881  the  number  of 
snakes  killed  for  the  bounty  offered  by  the  British  government 
amounted  to  254,968, 

According  to  Yarrow,  there  are  in  America  no  less  than  twenty- 
*wn  species  of  poisonous  serpents  belonging  to  four  genera.  The 
first  genus  is  the  Crotahts,  or  rattlesnake;  the  second  is  the  Caudi- 
sona,  or  ground  rattlesnake;  the  third  is  the  Ancistrodon^  or  moc- 
casin, one  of  the  species  of  which  is  a  water-snake;  and  the  fourth 
i&lhe E/afis,  or  harlequin  snake.  There  is  also  a  poisonous  lizard 
known  as  the  Ihloderma  suspa'lum,  or  Gila  monster. 

In  India,  of  the  twenty-one  families  of  snakes  known  to  nat- 
uralists, four  are  poisonous ;  these  are  the  Elapider^  the  Hydrops 
idtE,  tlit  /  'ipcridtr,  and  the  Crotalidiry  and  they  are  known  by  the 
appropriate  name  of  Thatiatophidia. 

■ng  the  Elapidse,  of  which  there  are  five  species,  is  the  Naja 

tr*pmltanss  or  cobra.      It  is  a  most  deadly  snake,  and  it  is  found   in 

niaay  parts  of  India.     It  grows  to  the  length  of  5^  feet  or  even 

^ore.     It  is  most  active  at  night,  but  it  is  often  seen  moving  about 

firing  the  day.      It  is,  like  the  Ophiophagus^  a  hooded  snake.    The 

Phiophagus,  another  species  of  this  family,  is  probably  the  largest 

own  venomous  snake,  growing  to  the  length  of  from   12  to  14 
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feet.     It  is  not  only  very  powerful,   but   is  also  very  active 
aggressive. 

The  Hydrophidse,  as  their  name  implies,  inhabit  the  salt- 
estuaries  and  tidal  streams.     They  are  all  venomous,  and  are  vcr 
poisonc 

The  Viperidce,  which  are  terrestrial  snakes,  are  more  poisocot 
than  the  Crotalidae.  The  latter  genus  has  not,  as  has  its  America 
namesake,  a  rattle,  and  it  is  less  poisonous;  it  is  also  a  smallc 
snake,  measuring  about  3  feet  in  length,  the  American  snak 
reaching  at  times  the  length  of  5  or  6  feet. 

The  heads  of  these  serpents  are  so  constructed  as  to  admit  of 
large  amount  of  movement  in  the  component  bones.    The  superio 
maxillary  bones  are  united  by  ligaments  only  to  the  intermaxilla 
ries,  and  the  lower  maxillary  bones  are  so  arranged  as  to  be  sepa 
rable  from  one  another  anteriorly  and  to  permit  motion  of  one  sidi 
only  if  desired.     The  mobility  of  the  superior  maxilla  is  essentia 
to  the  movements  of  the  fang,  which  is  firmly  attached  to  it    Tbr 
fang,  in  the  rattlesnake,  is  sometimes  quite  large,  measuring  thre 
quarters  of  an  inch  in  length.    In  the  cobra  it  is  decidedly  smalles 
In  the  rattlesnake  the  fang  is  somewhat  conical  and  scythe-snap*^ 
and  has  a  sharp  point.     It  has  a  deep  groove,  due  to  the  folding 
its  edge,  which  gives  it  the  appearance  of  being  hollow.    The  ia^m 
communicates  with  the  duct  of  the  poison-gland,  which  is  situa^n 
behind  the  eye  and  beneath  the  anterior  temporal  muscle,     t 
walls  of  the  duct  are  supplied  with  an  unstriped  muscular 
forming  a  sphincter  muscle,  which  enables  the  serpent  to  con  ^ 
the  discharge  of  the  fluid.     The  duct-opening  lies  at  the  bases    , 
the  tooth,  where  it  communicates  with  the  fissure  in  the  fang.       ; 
the  pulp-sac  in  the  jaw  lie  the  nerve-fangs,  and  when  the  fang^ 
lost  by  a  natural  process  it  is  replaced  within  a  few  days  ;  but  whn 
violently  removed  the  new  fang  does  not  appear  for  several  weefc*. 
When  in  repose  the  fang  is  folded  back  and  covered  by  a  fold  of 
mucous  membrane  which  retracts  when  the  fang  is  erected 

The  amount  of  venom  contained  in  the  gland  varies  gi 
when  perfectly  fresh  and  healthy  the  snake  throws  out  at  fir 
ten  to  fifteen  drops.     But  if  the  snake  has  recently  excrei 
fluid,  only  three  or  four  drops  can  be  obtained  from  the  glawk 
The  color  of  the  venom  of  the  rattlesnake  varies  from  pale  emer- 
ald-green to  orange-  or  straw-color,  and  it  is  more  or  less  gh 
in  consistency.     In  the  Indian  snake  it  is  a  clear  viscid  fluid,  solu- 
ble in  water  and  slightly  acid   in   reaction.      It  is  equally  vinilm! 
whether  dry  or  preserved  in  alcohol  or  in  glycerin.     Tht 
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principles  of  the  virus  have  been  found  by  Mitchell  and  Reichert 
to  consist  of  two  proteids,  a  globulin,  and  a  peptone.  Prolonged 
boiling  seems  to  convert  the  peptone  into  a  coagulable  albuminoid 
which  is  not  destructive  to  life. 

It  is  generally  supposed  that  rattlesnake  poison,  if  swallowed,  is 
harmless,  but,  according  to  Fayrer,  the  poison  of  the  cobra  can  be 
absorbed  through  the  mucous  membrane,  though  with  much  less 
dangerous  effect  than  when  it  is  introduced  into  the  blood:  Mitchell 
and  Reichert  state  if  enough  of  the  poison  is  taken  into  the  empty 
stomach  death  may  ensue.  According  to  Mitchell,  the  venom  exerts 
a  powerful  local  effect  upon  the  living  tissues,  and  induces  more 
rapid  changes  than  any  known  organic  substance.  It  renders  the 
blood  incoagulable,  and  it  so  acts  upon  the  capillar)'  blood-vessels 
that  their  walls  are  unable  to  resist  blood-pressure,  thus  allowing 
the  corpuscles  to  escape  iuto  the  tissues.  The  swelling  produced  is 
not  due  to  inflammation,  but  is  due  to  hemorrhage.  The  bodies 
of  the  red  blood-corpuscles  lose  their  shape  and  fuse  together  into 
irregular  masses,  acting  like  soft  elastic  colloid  material. 

Death  occurs,  according  to  Mitchell,  through  paralysis  of  the 
respiratory  centre,  paralysis  of  the  heart,  hemorrhages  iuto  the 
medulla,  and  possibly  from  the  inability  of  the  red  corpuscles  to 
perform  their  functions.  Cobra-poison  does  not  produce  the  marked 
lesion  of  the  crotal us- poison,  because  it  is  lacking  in  globulin. 

Fayrer  states  that  the  poison  acts  through  the  circulation  upon 
the  nerve-centres,  paralyzing  them  and  thus  destroying  the  vital 
force.  The  experiments  made  by  him  and  Brunton  also  show 
impairment  of  the  respiratory  centre. 

According  to  Feoktistow,  whose  experiments  were  performed  at 
Dorpat,  the  poison  acts  solely  on  the  nerve-centres,  and  it  has  no 
effect  whatever  upon  the  blood.  According  to  Wall,  the  symptoms 
of  cobra-poisoning  are  due  to  a  slowly-advancing  general  paralysis, 
death  being  caused  by  convulsions  due  to  asphyxia,  the  poison 
acting  upon  the  respiration.      The  effect  of  the  cobra-poison  on  the 

I  blood,  he  thinks,  is  not  great.     It  will  thus  be  seen  that  European 
observers  dwell  more  upon  the  action  of  the  virus  upon  the  nervous 
m  and  less  upon  the  blood. 
The  mechanism  by  which  the  act  of  striking  is  accomplished, 
and  by  which  the  virus  is  thrown  into  the  system,  is  thus  described 
by  Yarrow:   il  The  snake  prepares  for  action  by  throwing  itself  into 
a  number  of  superimposed  coils,  upon  the  mass  of  which  the  neck 
and  a  hw  inches  more  lie  loosely  curved,  the  head  elevated,  and 
the  tail  projecting  and  rapidly  vibrating.     At  the  apptoac\v  o^  \\\e. 


intended  victim  the  serpent  by  sudden  contraction  of  the  muscle 
upon  the  convexity  of  the  curves  straightens  out  the  anterior  poi 
tion  of  the  body  and  then  darts  forward  the  head.  At  this  instar 
the  jaws  are  widely  separated,  and  the  back  of  the  head  fixe 
firmly  upon  the  neck.  With  the  opening  of  the  mouth  the  sphenc 
palatines  contract,  and  the  fangs  spring  into  position,  throwing  of 
the  sheath  as  they  leap  forward.  With  the  delivery  of  the  bkn 
and  penetration  of  the  fangs  the  lower  jaw  closes  forcibly,  th 
muscles  that  execute  this  movement  causing  simultaneously  a  gusl 
of  venom  through  the  tubular  tooth  into  the  wound."  As  the  BM 
pent  withdraws  his  head  the  fangs  are  forced  more  deeply  into  tb< 
tissues,  and  the  jaws  are  finally  loosened  from  their  hold  by  a  shall 
ing  movement  of  the  head,  which  liberates  the  teeth.  The  wotiis 
is  inflicted  by  the  rattlesnake,  in  almost  every  case,  upon  an  e 
tremity.  In  India,  accordiug  to  the  reported  cases,  the  patient 
often  struck  upon  the  shoulder  or  the  neck. 

The  symptoms  vary  greatly  according  to  the  severity  of  ^ 
wound  inflicted.     Many  cases  recover  simply  because  a  comply 
inoculation  has  not  taken  place,  but  when  the  act  has  thoron 
been  accomplished  in  the  way  above  described,  and  the  hypodeno^ 
injection  of  a  full  dose  of  virus  has  occurred,  the  sequence  of  eventj 
follow  in  a  characteristic  and  almost  inevitable  course.     The  jum 
in  the  wound  varies  greatly.     Sometimes  it  is  hardly  observed;  if 
other  times  it  is  described  as  a  sharp,  stinging  pain.     In  most  cam 
the  wound  is  more  or  less  painful.     The  puncture  is  sometimes  so 
small  as  to  be  hardly  perceptible.     The  succeeding  local  syn 
are  swelling,  discoloration,  and  increasing  pain.     This  swelling  j| 
regarded  by  Mitchell  as  not  due  to  inflammation,  as  described  hy 
several  writers,  but  to  the  effusion  of  blood.     If  the  progress  of  the 
poison  has  not  been  arrested  by  a  ligature  after  a  period  v. 
from  minutes  to  hours,  the  swelling  and  discoloraf  endup 

the  limb,  accompanied  by  severe  pain.  Vesicles  soon  form,  and 
the  disorganization  of  the  tissues  is  so  rapid  that  the  part  become* 
gangrenous  if  the  patient  survives  long  enough.  The  i 
effect  of  serpent-poisoning  upon  the  tissues  is  graphical^  de- 
scribed by  Lucan  {Pkarsalia^  book  ix. ),  who  records  the  somewail 
exaggerated  stories  of  Cato's  soldiers  in  their  march  through  the 
Libyan  desert.  (This  passage  is  also  interesting  as  being  probably 
the  first  occasion  in  which  the  peritoneum  is  mentioned  in  pocbfJ 

Wretched  Sabellus  by  a  seps  was  stung  ; 
Fixed  to  his  leg  with  deadly  death  it  hung  : 
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Of  all  the  dire  destructive  serpent  race, 

None  have  so  much  of  death,  though  none  are  less. 

•  **»*• 

The  spreading  poisons  all  the  parts  confound. 
And  the  whole  body  sinks  within  the  wound. 
The  brawny  thighs  no  more  their  muscles  boast, 
But,  melting,  all  in  liquid  filth  arc  lost ; 
The  well-knit  groin  above,  the  ham  below, 
Mixed  in  one  putrid  stream  together  flow ; 
The  firm  peritoneum,  rent  in  twain, 
No  more  the  pressing  entrails  could  sustain 
It  yields,  and  forth  they  fall ;  at  once  they  gush  amain. 

The  necessity  for  prompt  action  was  recognized,  as  is  shown  by 
the  experience  of  Murrus: 

Along  the  spear  the  sliding  venom  ran, 
And  sudden  from  the  weapon  seized  the  man  : 
His  hand  first  touched,  ere  it  his  arm  invade. 
Soon  he  divides  it  with  his  shining  blade  : 
The  serpent's  force,  by  sad  example  taught, 
With  his  lost  haud  his  ransomed  life  he  bought. 

(Rowe's  translation.) 

The  constitutional  symptoms  of  crotal us- poisoning  do  not  appear 
immediately,  but  after  an  interval  of  a  few  minutes  or  of  hours 
there  is  prostration  of  the   most   severe  character.     In  the   case 
of  cobra-poisoning   a   considerable  interval    of  time — one  or  two 
Irotirs — has  been  reported  before  the  advent  of  constitutional  dis- 
turbance.    There  is  sometimes  reported  a  feeling  of  intoxication 
or  of  elation,  but  this  is  rare.     Some  of  the  early  symptoms  are 
probably  due  to  fear.     The  patient,  after  walking  some  distance, 
feels  his  limbs  give  way  beneath  him,  and  he  staggers  and  falls. 
The  skin   is  bathed  in  a  cold,   clammy  sweat;    the  expression    is 
anxious;  the  pulse  becomes  rapid  and  feeble.     The  breathing  is 
usually  hurried  and  is  more  or  less  labored.      In  some  cases  it  is 
diaphragmatic.     The  patient  sometimes  complains  of  a  pain  in  the 
chest  and  a  sense  of  suffocation.     Foaming  at  the  mouth  is  occa- 
Iv  observed.     Kwart  speaks  of  the  breathing  becoming  slower 
and  slower  as  death  approaches,  but  this  is  probably  in  the  last 
stages  of  coma.     If  the  patient  lives  long  enough,  the  local  swell- 
discoloration  of  the  arm  continue  to  increase,  and  they 
may  spread  on  to  the  chest  and  back. 

■■*kat  changes  found  upon  man  after  death  seem 
chiefly  in  the  brain  and  its  membranes.  In  Fayrer*s  cases  conges- 
tion of  vessels  on  the  surface  of  the  brain  is  reported,  and  there 
is  occasional  softening  of  the  cerebral  substance.     The  latter  may, 
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'however,  have  been  due  to  a  post-mortem  change,  which  would 
occur  rapidly  in  the  Indian  climate.  Fluid  was  often  found  in  the 
lateral  ventricle.  The  pia  mater  is  reported  as  engorged  in  several 
cases.  In  Horner's  case,  reported  by  Mitchell,  the  brain  was  found 
to  be  of  a  healthy  consistence,  but  so  congested  that  the  cortical 
substance  was  of  a  deep  brown  tint.  A  drachm  of  transparent 
serum  was  found  in  each  lateral  ventricle.  The  veins  of  the  pia 
and  the  vertebral  veins  were  full  of  blood.  In  two  other  cases^ 
recorded  by  Mitchell  the  same  conditions  of  the  brain  were  founds  a 

In  some  of  Fayrer's  cases  the  lungs  were  reported  as  congested^ 
and   dark   sanious   fluid  was  occasionally  seen   flowing  from   th^ 
mouth,  but  in  many  the  lungs  appear  to  have  been  quite  norma 
In  one  of  the  cases  quoted  by  Mitchell  the  walls  of  the  trachea  at 
the  bronchial  tubes  were  congested  and   the   trachea  and   bronc 
were  full  of  a  frothy  mucus. 

As  regards  the  stomach  and  intestines,  congestions  of  the  ic^ 
cous   membrane  were   occasionally  reported,  but  more  frequeu. 
they  were  found  to  be  normal.     No  pathological  changes  appeal^.  ' 
have  been  found  in  the  great  majority  of  the  cases  in  the  liver,     -*i 
kidneys,  or  the  spleen.     The  blood  in  almost  all  cases  is  foun^j. 
be  fluid  and  non-coagulable. 

The  changes  in  and  about  the  wound  vary  greatly  from  in&Tfa. 
tion  by  a  dirty-brown  serum  or  extravasations  of  blood  to  extens/^ 
disorganization.     Fayrer  reports  in  one  case  that  when  the  yt 
hand  was  cut  into,  the  muscles  were  found  disintegrated  and  of  a 
dark  color,  and  in  the  upper  arm  the  muscles  were  found  to  bt 
and   infiltrated   with   serous   effusion.     In   Sir   E.    Homes's  case, 
reported  by  Mitchell,  a  large  abscess  existed  in  the  arm  an 
ami,  and  the  cellular  tissue  between  the  muscles  had  sloughed 
extensively. 

After  experimental  inoculation  in  animals  Mitchell  found  tl        j 
sues  around  the  point  of  injection  soaked  with  extravasated  bluod,] 
and  if  death  had  been  postponed  for  some  length  of  time,  die 
sues  at  some  distance  from  the  point  of  injection  were  a 
in   this  way  to  a  certain   extent,   but  not  so   extensively. 
nou need  and  frequent  ecehymoses  were  found  beneath  the 
membranes,  and  there  was  general  congestion  of  the  blood-ve 
throughout  the  body.     The  blood  coagulated  i  in  perfect  1 . 
only  after  being  exposed  to  the  air,  Jt  resembling  in  this  parti 
the  state  of  that  fluid  observed  in  conditions  of  asphy:- 

In  no  form  of  disease  or  injury,  except  hemorrl  I 

reat  vessels,  is  promptness  of  action  so  important.     The  firsll 
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to  be  done  is  the  application  of  a  ligature.     Every  minute,  even 
ever)  second,  is  of  value,  because  in  many  reported  cases  life  seems 
to  have  been  saved  chiefly  by  the  prompt  application  of  the  ligature. 
It  must  be  applied  tightly.     The  clothing,  a  piece  of  twine,  anv- 
Bg  at  hand,  should  be  used  for  this  purpose,  and  a  second  liga- 
ture, broader  than  the  first,  may  be  applied  higher  up  on  the  limb. 
A  stick  may  be  inserted  into  the  top  of  the  ligature  to  twist  it,  so 
that  an  improvised  tourniquet  may  be  formed.     The  bites  should 
then  be  laid  open  and  an  effort  be  made  by  cupping  or  by  suction 
1 .  withdraw  the  venom  from  the  tissues.      A  more  effective  way  of 
accomplishing  the  removal  of  the  virus  before  it  has  had  time  to 
spread  is  an  excision  of  the  part  in  which  the  venomous  fluid  lies. 
A  portion  at  least  of  the  poison  is  thus  certainly  removed  and  the 
dose  correspondingly  diminished.     It  is  recommended  to  wash  the 
wound  with  a  1  per  cent,  solution  of  permanganate  of  potash  or 
of   aqua  ammonia.     The  use  of  the   actual   cautery  is  probably 
more  efficient,  as  it  is  only  by  intense  heat  that  the  virus  seems 
to  be  destroyed,  experiments  having  shown  that  the  permanganate 
and  the  ammonia  are  not  to  be  depended  upon  to  affect  its  viru- 
lence.    It  is  the  custom  of  Indians  and  hunters  to  flash  powder  on 
the  wound  for  this  purpose.     An  ember  of  hot  coal  would  be  more 
efficient  still. 

If  the  bite  is  not  on  an  extremity,  the  injured  skin  should  be 
cut  out  ruthlessly  by  any  one  present.  The  danger  of  bleeding 
would  probably  be  slight  in  any  case.  Care  should  be  taken 
not  to  expose  the  open  mouth  of  a  vein  or  a  serous  sac  to 
the  venom. 

The  use  of  stimulants  still  holds  its  popularity,  and  the  whiskey 
cure  is  to-day  probably  the  one  most  resorted  to  in  the  United 
es.  As  prostration  is  one  of  the  most  prominent  symptoms, 
the  use  of  alcohol  is  undoubtedly  indicated  to  strengthen  the 
flagging  heart.  It  should,  however,  be  given  in  moderation  at 
first,  particularly  in  the  young,  as  it  is  not  improbable  that  some 
patients  have  actually  succumbed  to  the  heroic  nature  of  the 
treatment. 

As  the  ligature  cannot  be  allowed  to  remain  permanently  for 
fear  of  gangrene,  it  must  be  released  momentarily  from  time  to 
time.  It  is  at  this  period  that  the  alcoholic  stimulant  will  be  of 
advantage  to  sustain  the  strength  of  the  patient,  as  fresh  doses  of 
the  venom  are  thus  unavoidably  allowed  to  work  into  the  system. 
A  careful  watch  upon  the  pulse  will  be  the  guide  for  treatment. 
A  great  variety  of  drugs  have  been  recommended  frovw  time.  \o 


time,  and  have  eventually  proved  to  be  worthless,  Lacerda  of 
Rio  Janeiro  found  that  an  injection  of  a  I  per  cent,  solution  of 
permanganate  of  potash  into  the  wound  of  an  animal  that  had 
been  inoculated  was  an  absolute  antidote.  The  remedy  has  been 
tried  with  varying  success.  The  use  of  aqua  ammonia  has  also 
had  its  advocates,  and  this  drug  was  at  one  time  supposed  to  be 
a  specific  in  its  action  upon  the  venom.  As  a  cardiac  stimulant 
it  has  undoubtedly  done  good  work,  but  no  more  decided  benefit 
can  now  be  claimed  for  it.  The  gall  of  serpents,  "  Miake-stones*' 
(a  fragment  of  bone  washed  in  blood,  dried,  and  polished),  and  q 
great  variety  of  other  local  remedies  are  mentioned  in  the  litera* 
ture  of  this  subject. 

It  is  probable  that  many  cardiac  stimulants  might  be  used  wi 
advantage,  such  as  nitro-glyceriu,  digitalis,  and  strychnine,     ir 
Mueller  of  Sydney,  Australia,  has  recently  published  a  monogram 
advocating  enthusiastically  the  use  of  large  doses  of  the  latter  di^ 
given  subcutaneously,  basing  his  method  on   Feoktistow's  the^ 
of  the  action  of  the  poison  on  the  nerve-centres.     He  reccn 
that  as  much  as  ^  a  grain  of  strychnine  should  be  given  in  divi.^ 
doses,  16  minims  of  the  liquor  strychniac  (P.  B.)  being  inject^/ ^» 
a  time.     If  under  these  large  doses  the  symptoms  abate  or  if 
latter  are    comparatively   mild   at   first,    smaller    doses   should  ^ 
injected,  as  -fa  or  -fa  of  a  grain;  but  under  all  circumstatu 
rule  that  distinct  strychnia  symptoms  must  be  produced  befott  [In 
injections  are  discontinued  should  never  be  departed   from.     M..-. 
cases  apparently  at  the  point  of  death  seem  to  have  been 
and  finally  cured  by  this  treatment.      It   has,  however,   met  wit 
much  adverse  criticism  in  Australia,  and  has  had  thus  Em 
very  limited   trial  in   India.      Calniette  has  studied  the  senitn 
animals  rendered  immune  to  the  venom  of  serpents.     Accordi 
to  this  observer,  animals  can  be  rendered  immune  in  two  waytfB 
either  by  repeated   injections  of  venom   of  full   strength   in  veni 
small   and   gradually  increasing  doses,    or  of  venom   which  h0 
been  modified  by  combination   with   chloride  of  gold   or  cli 
of  lime.     The  serum  of  animals  thus  treated  has  also  an  iiiuuu 
izing  and   antitoxic  action.     This  action  exerts   itself  not  onl 
when  brought  in  contact  with  the  venom  with   which    the  an: 
mals  in  question  have  been  previously  treated,  but 
poison  of  other  serpents.     It  was  found  that  the  B  I  •  ra^ 

bit  that  was  immunized  by  cholera  virus  exerted  an  ftotag 
ction  to  the  venom  of  the  French  viper  and  that  of  several  A 
tralian  serpents. 
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Calmette  found  that  4  ccm.  of  antitoxic  serum,  injected  into 
g  rabbit  an  hour  and  a  half  after  1  nig,  of  cobra-poison  had 
been  injected  into  the  same  animal,  was  sufficient  to  save  the 
animal.  hi  rabbits  which  had  not  received  the  serum  death 
occurred  in  twelve  hours  after  the  injection  of  1  rag,  of  the 
cobra-venom. 

If  the  poisoned  animal  was  treated  with  chloride  of  lime,  a  cure 
was  effected  without  resort  to  the  serum.  The  solution,  which  is 
of  the  strength  of  1  to  from  12  to  45  parts  of  water,  should  be 
injected  in  doses  of  5  ccm.  subcutaneously  around  the  wound. 
From  20  to  30  ccm.  of  a  more  dilute  solution  may  be  used  in 
the  same  way.  This  method,  when  employed  twenty  minutes 
after  inoculation  with  the  venom,  saved  animals  which  would 
otherwise  have  died   in  two  hours. 

Whatever  the  treatment  may  be,  the  patient  should  be  kept 
quiet  All  his  spare  strength  should  be  kept  in  reserve.  He 
should  be  encouraged  and  soothed.  Hot  bottles  may  be  applied 
to  the  heart,  and  the  general  rules  for  the  treatment  of  shock  might 
well  be  resorted  to  with  advantage. 

It  is  most  important  to  remember,  in  estimating  the  value  of 
any  particular  line  of  treatment,  that  a  careful  estimate  of  the 
dose  of  the  venom  should  be  made  in  each  case,  for  in  inflicting 
the  injury  the  serpent  often  fails  to  accomplish  its  purpose,  and 
only  a  drop  or  two  of  the  poison  may  come  in  contact  with  the 
exposed  tissues. 


XXIV.   TUBERCULOSIS 


TUBERCULOSIS  did  not  until  recently  especially  interest  Mir^  . 
geons,  but  it  now  covers  a  large  field  in  surgical  pathology.  TI»^ 
surgeon  has,  in  fact,  more  to  do  with  the  disease  to-day  than 
physician. 

The  inoculability  of  tuberculosis  was  first  recognized  in   iS 
by   Laennec,  who  became   infected   by    au    injury   to   his   fi 
from   a  saw  during  an  autopsy  upon  a  case  of  disease  of  the  v 
tebras.     Eventually  he  died  of  phthisis. 

Villemin  in  1865  was  the  first,  however,  to  demonstrate  ex 
mentally  the  possibility  of  transmitting  the  disease  from  man 
animals.     He  showed   that   the   cheesy   products  of  tubercuW 
inflammation    when    introduced    into    the   tissues   of    rah' 
guinea-pigs  produced  a  miliary  tuberculosis.     He,   howt 
not  identify  the  microscopical  characteristics  of  the  new  format^ 
thus  produced  with  tubercle,  nor  did  he  undertake  to  show 
other  products  might  not  produce  the  same  results.     Oofaall 
and  others,  however,  endeavored  to  show  that  any  cheesy  tr*a^ 
rial,  whatever  its  origin,  would  produce  the  same  appearance^  0f 
tuberculosis  when  inoculated. 

It  was  attempted  also  to  produce  tubercular  nodules  by  intra. 
ducing  different  kinds  of  foreign  bodies  into  the   tissues.     Jfat, 
although  minute  tubercles  closely  resembling  the  genuine  tuber- 
cle were  thus  produced,  yet  they  did  not  appear  capable  of  sprra* 
ing  to  distant  organs  or  of  being  transmitted  from  one  ind 
to  another. 

The  recognition  of  the  characteristic  giant-cells  and  epithclio 
cells  of  tubercle,  and  of  the  tendency  of  the  tubercular  mas 
riably  to  undergo  cheesy  degeneration,  helped  to  throw  light  u 
the  investigations  which  were  then  being  made. 

Cohnheim,  whose  experiments  on  the  cornea  enabled  him 
study  the  development  of  the  tubercle  after  inoculation,  found 
a  considerable  space  of  time  intervened  between  the  inoculai 
and  the  development  of  the  disease — that,  in  other  words,  :!■ 
a  distinct  period  of  incubation. 

A  great  variety  of  experiments  followed.     Tuberculous 
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nitis  was  produced  by  the  injection  of  diseased  sputa  into  the 
peritoneum  of  guinea-pigs ;  infected  food  was  proved  to  produce 
ulcerations  of  the  intestinal  canal  and  the  subsequent  involvement 
of  the  mesenteric  glands;  the  dried  sputa,  when  inhaled,  produced 
pulmonary  tuberculosis.  The  old  belief  that  tuberculosis  was 
caused  by  a  weakness  of  the  tissues  gradually  yielded  to  the 
conviction  that  it  was  a  genuine  infectious  disease.  These  views 
received  their  confirmation  in  the  discovery  of  the  bacillus  of 
tuberculosis,  and  in  the  demonstration  by  Koch  that  by  it  alone 

ruld  the  phenomena  of  the  disease  be  produced. 
Koch's  discovery  in  1882  fairly  revolutionized  a  great  depart- 
ment of  surgery.  He  made  his  first  observations  of  the  bacillus 
of  tuberculosis  in  the  expectorations  of  phthisical  patients  and  in 
sections  taken  from  miliary  tubercles.  He  succeeded,  also  after 
many  trials,  in  producing  a  culture  of  the  bacilli  on  blood-serum, 
hi^  skill  as  a  bacteriologist  enabling  him  to  overcome  the  unusual 
difficulties  that  surrounded  the  cultivation  of  the  organisms.  With 
tliese  pure  cultures  he  made  a  series  of  inoculation-experiments 
upon  rabbits,  guinea-pigs,  and  field-mice,  introducing  the  virus 
subctitaneously  or  into  the  various  cavities  of  the  body,  and  also 
by  intravenous  injections,  and  in  this  way  he  was  able  to  obtain 
ii.ia.ry  tuberculosis.  The  tubercles  taken  from  such  animals 
contain  large  numbers  of  bacilli,  and  they  are  much  better  suited 
for  microscopical  examination  than  the  specimens  taken  from 
human  subjects.  From  these  animals,  finally,  he  was  able  to 
re- produce  the  cultures,  and  then  to  establish  fully  the  identity  of 
tlie  organisms  with  the  disease. 

The  bacillus  of  tuberculosis,  which  is  a  thin,  stafif-shaped  body 
rom  3  to  4/i  in  length,  will  be  found  more  fully  described  else- 
«r1iere.  The  submiliary  tubercle  is  the  pathological  structure  from 
m  liich  are  developed  the  tubercular  nodules  found  in  diseased  organs 
in  tissues.  It  is  composed  of  a  globular  mass  of  small  round  cells, 
the  centre  of  which  mass  is  found  one  or  more  giant-cells.  The 
ant-cells,  which  are  a  very  characteristic  feature  of  the  miliary 
bercle,  enable  one  to  make  an  almost  positive  diagnosis  even 
lieu  no  bacilli  have  been  discovered.  The  peculiarity  in  this 
rm  of  giant-cells  consists  in  the  arrangement  of  the  nuclei, 
Tiich  are  found  chiefly  in  the  periphery,  arranged  with  their 
^ong  diameters  radiating  from  the  centre  of  the  cell.  At  the 
^^fltre  there  is  more  or  less  evidence  of  a  degenerative  process. 
Surrounding  this  cell  are  seen  one  or  more  large  cells  rich  in  pro- 
tojjJasra,  with  large  nuclei  and  nucleoli,  which  are  known  from 
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their  size  and  appearance  as  epithelioid  cells.  Accord  in 
the  epithelioid  cells  are  the  most  characteristic,  as  they 
constant  than  the  giaut-cells.  They  are,  in  his  opinion, 
quently  the  seat  of  the  bacilli  which  lie  between  them. 
cells  may  be  derived  from  the  epithelium,  as,  for  instaiK 
lung,  or  from  the  endothelium  of  a  vessel,  or  from  r 
They  are  more  numerous  at  the  periphery  of  the  tubercle 
The  remaining  cells  of  the  tubercle  are  round  or  are  si 
spindle-shaped,  and  the  cell-cluster  is  supported  in  a  fine  i 
lum  of  connective  tissue  which  in  some  cases  is  quite  dense 
periphery  (Fig.  76).    The  bacilli  are  found  scattered  here  and 
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FlC.  76. — Submiiiary  Tubcrde,  showing  giant-  and  epithelioid  cells.     The  i  ! 

spindle  is  probably  due  to  the  locality  (the  tongue)  from  which  the  sj>ecirnen  was 

in  varying  numbers  between  the  smaller  cells,  and  also  i 
of  the  giant-cell.      In   the  experimental   forms  of  miliar}  fa] 
the  bacilli  are  usually  very  numerous,  and  they  are  then  set 
stained  specimens,  forming  an  ornamental  border  near  the  1 
of  nuclei  in  these  large  cells.     Very  few  are  found  in  the  in 
of  the  cell.     In  pathological  tubercle  in  the  human  subject  it 
at  all  an  easy  matter  to  find  bacilli,  and  several  specimens 
searched  through  with  great  care  before  a  single  bacillus 
covered. 
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In  infiltrating  tubercle  the  epithelioid  cells  are  not  collected  in 
52x1a!!  clusters,  but  are  seen  through  the  tissue  in  broad  tracts,  or 
lli«?y  are  simply  scattered  irregularly  among  the  other  tissue-ele- 
ments. The  tissue  which  is  the  seat  of  the  infiltration  presents 
j%vo  chief  types — namely,  granulation  tissue  and  gray  fibrous  tissue. 
T*lie  latter  type  shows  less  tendency  to  break  down  (Cheyne). 

The  origin  of  the  cells  of  the  tubercle  has  been  a  subject  of 
ltliicb  dispute.      According  to  Baumgarten,  the  cells  found  in  the 
e;irly  stages  of  the  development  of  the  tubercle  are  not  leucocytes, 
3^  has  been  supposed,  but  they  originate  by  the  process  of  indirect 
cell-division  from  the  fixed  cells  of  the  part,  whether  they  happen 
to  be  of  connective-tissue  origin  or  are  derived  from  the  epithelium 
of"  a  gland  or  from  the  endothelium  of  a  minute  blood-vessel.    The 
crfaut-cell  does  not  develop  from  a  fusion  of  several  epithelioid  cells, 
but  it  is  the  product  of  the  nuclear  proliferations  of  a  single  cell, 
['ruler  the  moderately  stimulating  action  of  the  tubercular  virus 
the  cell  does  not  receive  sufficient  irritation  to  undergo  prolifera- 
tion.    The  protoplasm  remains,  therefore,  undivided  and  increases 
in   size,  while  the  nuclei  continue  to  accumulate  in  large  numbers. 
hi     many  cases  of  very  acute  tuberculosis,   for  this  reason,  giant- 
cells  are  not  to  be  found.    The  centre  of  the  cell  is  without  nuclei, 
t lie  protoplasm  has  here  already  begun  to  undergo  that  change 
so  characteristic  of  the  disease — namely,  cheesy  degeneration.    After 
trie  virus  has  thus  affected  the  fixed  cells  of  the  part,  it  produces 
al**o  an  irritation  upon  the  walls  of  the  small  vessels  ;  consequently 
exudation  takes  place,  and  the  tissue  is  found  infiltrated  with  leu- 
cocytes, but  this  occurs  usually  in  a  later  stage  of  the  development 
oC    the  tubercle. 

The  reticulum  of  fibres  in  which   the  cells  lie  is  not  usually  a 
tiew  formation,  but  is  merely  the  remains  of  the  pre-existing  inter- 
cellular substance.     As  the  cell-growth  is  most  active  at  the  centre 
of  the  mass,  and  a  certain  pressure  is  thus  exerted  from  within  out- 
ward, there  is  seen  at  the  periphery  a  thickening  of  this  network 
amounting  at  times  almost  to  the  formation  of  a  capsule.     In  some 
cases  the  reticulum  seems  to  be  formed,  at  least  to  a  large  extent, 
by  the  processes  of  the  epithelioid  cells.    The  vascular  supply  is  usu- 
verv  slight,  the  smaller  vessels  disappearing  altogether.     The 
consequence  is,  that  the  vitality  of  the  diseased  mass  is  soon  affected, 
and  an  anaemic  necrosis  occurs,  which,  accompanied  by  a  granular 
disintegration  and  a  fatty  degeneration  of  the  cells,  produces  the 
condition  known  as  cheesy  degen era/ion ,  which  is  found  in  the  mid- 
dle of  the  nodule,  and  which  may  gradually  extend  so  as  to  affect 
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the  whole  mass.     The  bacilli  also  appear  to  exert  an   influence    ^ 
which  brings  about  a  chemical  change  in  the  cells.     Thenuclti 


disappear,  the  cells  refuse  to  take  any  coloring  reagents,  and  coag- 
ulation-necrosis takes  place.     The  result  of  these  changes  is  the 
formation  of  a  mass  of  dead  tissue  and  of  cheesy  debris  in  th*^ 
centre  of  the  tubercle.     Where  this  formation  is  extensive  ulcere -^ 


** 


tiou,  or  even  abscess-formation,  may  take  place.    Occasionally  lime 
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salts  may  be  deposited  in  these  central  portions  of  the  tubercl*^. 
resulting  in  calcification.      The  tubercle  may  be  surrounded  by  ^.j 
well-marked  zone  of  granulation  tissue,  or  the  tissue  of  the  tuberez> 

may  pass  into  the  surrounding  tissues  without  any  well-marked  If  i-  j 


of  demarcation.      A  dissemination  of  tubercle  can  take  place  otr^ 


*38 


when  the  original  focus  is  broken  down  and  iu  a  state  of  ulceration  ^ 
When  inflammatory  reaction  occurs  around  the  tubercle,  incapsii**^      . 
tion  may  take  place,  and  the  system  may  in  this  way  be  protec^-^ 
from   invasion. 

The  entrance  of  the  tubercular  virus  into  the  body  is  thro 
various  channels.     The  question  of  the  transmission  of  the  disc., 
from  mother  to  child  through   the   placenta   has  been   much 
cussed  since  the  discovery  of  the  bacillus.     Baumgarten  is  oncs*^   /■ 
the  most  prominent  advocates  of  this  source  of  the   tnberc—---|fr 
virus,  and,  according  to  this  investigator,  it  may  be  received  du       ^ 
fcetal  life  only  to  manifest  itself  perhaps  many  years  later.     Tr^ 
culosis  of  new-born  infants  is,  however,  an  exceedingly  rare  oc 
rence,  and  iu  the  reported  cases  of  early  tuberculosis  the  »//;fv 

exists  of  the  acquisition  of  the  disease  from  the  breast  of  the  m% 
or  in  other  ways.      It  is  true  that  there  are  recorded  cases  y^ht'eh 
illustrate  the  possibility  of  such  transmission  from  animal  to 
mal.     Cornil  reports  the  case  of  a  foetal  calf  whose  lung  contained 
a  tubercular  nodule.      The  foetus  was  taken  from  the  uterus  of  ^ 
tuberculous  cow.     Inoculation   experiments  on   pregi 
pigs  have  not,   however,   been  successful. 

Hereditary  tuberculosis,  then,  is  an  occurrence  so  extremely  rare 
that  it  cannot  be  regarded  as  one  of  the  ways  in  which  the  disease 
is  acquired  by  the  human  subject.     Many  authorities  still  n 
tain,  however*  that  a  predisposition  exists  which  may  1 
inherited — that  in  certain  families  the  tissues  and  flui<I  bodj 

furnish  a  more  favorable  soil  for  the  growth  of  the  bacillus.    The 
difference  in  susceptibility  to  the  virus  may  be  the  same  in  different 
individuals  as  it  is  in  different  kinds  of  animals.     Fninkel  does  not 
accept  even  this  possibility,  although  he  admits  that  a  «i< 
stitution  and  a  catarrhal  condition  of  the  air-passages,  with  feeble 


ory  action,  would  present  conditions  favorable  for  infection, 
■Derail y  found  that  tuberculous  patients  have  a  family  his- 
tuberculosis.  Certain  individuals,  however,  are  peculiarly 
.  It  is  well  known  that  nurses  in  attendance  upon  the  sick 
itals  for  consumptives  may  remain  there  years  without  iu- 
aud  that  surgeons  constantly  wound  themselves  with  tuber- 
bone  without  danger.      The  family  physician  will  tell  you 

his  private  practice  he  rarely  sees  tuberculosis  in  healthy 
;.  It  is  probable,  therefore,  that  a  predisposition  to  tuber- 
is  inherited  by  children  from  their  parents,  but  the  disease 
;vertheless  be  looked  upon  as  one  which  is  acquired  during 
infection. 

•ably  the  most  frequent  route  through  which  the  virus  is 
ced  into  the  body  is  through  the  lungs.  The  durability  of 
an  ism  and  its  power  to  retain  its  vitality  in  the  dried  state 
ossible  its  introduction  with  the  inspired  air.  The  expec- 
ia  of  consumption,  therefore,  are  a  source  of  danger,  as  has 
atly  been  shown,  not  only  when  injected  experimentally 
ruals,  but  also  when  allowed  to  dry  upon  the  carpets  or  the 
Cornet  has  shown  that  the  dust  of  rooms  occupied  by  such 
;  contains  an  abundance  of  the  bacilli  of  tuberculosis,  and 
n  and  others  have  also  found  them  in  the  dust  of  the  streets, 
sputa  are  preserved  in  a  moist  state,  the  bacilli  are  im- 
3,  and  hence  do  not  become  a  source  of  danger, 
n  introduced  experimentally  by  inhalation,  broncho-pneu- 
s  produced  at  the  extremity  of  the  tubes,  and  the  bronchial 
become  infected  later.  According  to  Bollinger,  not  every 
lar  disease  of  the  lung  is  due  to  the  iuhalatiou  of  the  virus, 
lay  occur  there  secondarily  by  metastasis.  It  is,  for  ex- 
a  well-known  clinical  fact  that  caries  of  the  wrist  is  very 
•1  lowed  by  pulmonary  tuberculosis. 
agion  may  take  place  also  through  the  digestive  tract.     It 

transmitted  from  mouth  to  mouth  by  a  kiss,  or  by  the 
r  the  glass  used  by  the  consumptive.  It  should  not  be  for- 
that  the  spatula  or  the  dentist's  instruments  may,  if  not 
f  disinfected,  become  a  source  of  danger  to  the  patient. 
iceptibility  of  the  mucous  membrane  is  increased  by  inflam- 
pTocesses,  such  as  rhinitis  and  pharyngitis,  and  the  virus 
us  be  transmitted  to  the  submaxillary  and  cervical  glands. 
lestinal  canal  of  animals  is  readily  infected  by  tuberculous 
In  man  is  found  also  primary  tuberculosis  of  the  intestine 
tiated  food.     The  milk  of  tuberculous  cows  is  now  a  well- 


recognized  source  of  danger.  Water  may  also  be  the  vehicle  of  the 
virus,  experiments  in  CorniTs  laboratory  showing  that  the  bacillus 
could  live  seventy  days  in  sterilized  Seine  water  of  the  ordinary 
temperature. 

Even  meat  that  has  been  roasted  may  be  a  source  of  danger,  for 
the  central  portions  may  not  have  been  subjected  to  a  sufficiently  ^ 
high  temperature.    Secondary  tuberculosis  of  the  intestine  depend^ 
upon  auto-infection,  the  sputa  often  being  swallowed.      The  mem  + 
brane  of  the  bacillus  is  sufficiently  tough  to  withstand  the 
juice;    consequently  the    bacillus  arrivt-s    unaltered   in   the    in 
tinal  canal,  where  it  attacks  Peyer's  patches  and  the  solitary  fol!#" 
cles.     The  mesenteric  glands  are  subsequently  affected,  and  tu 
culosis  of  the  peritoneum  may  thus  be  developed,  particularly 
man.     In  women,  however,  the  peritoneum  is  more  frequently  in- 
fected through   the  urogenital  tract.      As  the  result  of  such  infi^te 
tion  tuberculous  peritonitis  occurs.     Infection  through  the  skin      _, 
according  to  Bollinger,  underestimated,  although  the  bacilli  do  ^ 
appear  to  be  able  to  enter  the  pores  of  the  skin  like  the  pvogc^^ 
cocci.    Tscherning  reports  the  case  of  a  servant  who  cut  his  *"n  ^i 
while  cleaning  the  spit-cup  of  his  master,  a  consumptive.     Th-  — , 
formed  a  small  cutaneous  ulcer,  which  afterward  became  a  nod 
a  few  months  later  the  finger  and  the  tendons  of  the  palm  of        jj 
hand  became  swollen  and  the  cubital  and  axillary  glands  «^.a 
enlarged.      The  finger  was  amputated  and  the  glands  were 
and  they  were  found  to  be  tuberculous.     The  patient  rema  ^/;f(/ 
well.     MiddledortT  reports  the   case  of  a  man  who   wounded 
knee-joint  with  a  cutting  instrument,  and  bound  the  wound  - 
his   handkerchief,   which   probably   contained   dried    sputa.      "tT^ 
weeks  after  the  accident  the  knee  began  to  swell    and  excisiotj  0f 
the  joint  for  white  swelling  was  ultimately  performed.     An  e.vaar. 
ination  of  the  tissues  showed  the  presence  of  bacilli. 

"Anatomical  tubercle"  is  an  example  of  infection  receiv. 
those  who  are  in  the  habit  of  handling  infected  bodi 
reports  a  case  of  a  student  who  injured  the  fold  of  the  nail  K  an 
autopsy.     A  wart  formed,  which  remained  as  an  ulcer  after  three 
years  of  treatment:   an  abscess  on    the  back  of  the  hand  finally 
formed,  and    the  finger  was  amputated.     Death  from   tubercular 
meningitis   occurred   six   years  after   the   injurv.      The  oft-qud 
example  of  infection  of  the  prepuce  in  the  rite  of  circumc- 
by  the  mouth  of  the   operator,  who  was  tuberculons,  is  anotbfl 
instance. 

Certain  portions  of  the  body  appear  more  easily  infected  t!tt» 


: 


veti  certain 
organs  and  tissues  appear  to  be  predisposed.     Many  inflammatory 
sfcdfl  affections,  which  are  at  first  purely  benign,  may  subsequently 
me  tuberculous. 
No  example  of  infection  with  tuberculosis  during  vaccination 
as  been  reported:  it  is  probable  that  the  bacilli  are  unable  to  live 
ii  the  vaccine  lymph.     Lawrence,  indeed,  reports  two  instances 
4y{  remarkable  recovery  from  advanced  stages  of  tuberculosis  after 
n  attack  of  small-pox  of  a  virulent  type. 

Cases  are  reported  of  tuberculosis  of  the  internal  organs  of  gen- 
ration,  which  cases,  it  is  possible,  may  have  been  due  to  infection 
during  coitus. 

A  large  number  of  tuberculous  diseases  owe  their  origin  to 
intravascular  infection,  the  virus  gaining  an  entrance  at  some 
unknown  point.  Thus,  it  may  appear  first  in  a  chain  of  glands, 
as   in  the  neck,  or  in  some  portion  of  the  osseous  system. 

Acute  infectious  diseases,  like  measles  and  scarlet  fever,  often 
pave  the  way  for  tuberculosis.  Susceptibility  to  the  disease  is  not 
the  same  at  all  periods  of  life.  Individuals  who  have  been  the  sub- 
jects of  tubercle  in  youth  often  enjoy  a  particularly  healthy  exist- 
ence in  later  life. 

The  tuberculous  process  may  spread  in  different  ways  and  by 

different  routes.     The  original  nodule  may  invade  the  neighboring 

parts  by  a  simple  process  of  growth.      Distant  portions  of  the  body 

are  reached  usually  through  the  lymphatic  system.    The  lymphatic 

glands,  however,  exert  a  protective  influence:  they  may  not  only 

retard  the  advance  of  the  bacilli,  but  may  also  be  indirectly  the 

cause  of  their  destruction.     When  the  last  of  a  chain  of  glands  has 

been  traversed  the  bacilli  are  conveyed  through  the  thoracic  duct 

into  the  general  circulation.     A  thrombus  may   form  in  a  vein 

adjacent    to  a   tuberculous    nodule,    and    metastatic    foci    may    be 

established   through   embolism,  or  the  wall  of  a  large  vein  may 

become  involved    by  invasion  of  the  virus   from  a  neighboring 

Ink,   and  bacilli    may  then  be  let  loose  into  the  circulation. 

They  are  conveyed  eventually  to  some  arteriole  or  capillary,  where 

they  become  attached    to   the   endothelium,    and    the   conditions 

favorable  for  the  development  of  a  miliary  tubercle  are  established. 

in  this  way  acute  miliary  tuberculosis  may  occur. 

The  disease   may  also  spread  bv  an   invasion  of  an  adjacent 

sac,  by  the  growth  of  the  nodule,  or  by  suppuration,  and  it 

Btty  discharge  into  the  sac.     If  the  integrity  of  the  sac  is  still 

maintained,  it  will  be  in  communication  with  the  lymphatic  sys- 


tern,  and  the  danger  of  dissemination  will  be  much  greater  tl 
when  the  membrane  has  changed  into  a  wall  of  granulation  □' 
which  lias  blocked   up  the   lymphatics.     When    the  bacilli  gar 
access  to  cavities  lined  with  mucous  membrane,  such  as  the  bro* 
chial  tubes  or  the  intestines,  they  pass  over  long  surfaces,  incre^ 
ing  the  opportunity  for  infection. 

Tuberculous  affections  are  apt  to  be  multiple.    The  multiple  fo^_ 
may  occur  in  the  primary  stage  of  the  disease  as  in  spina  ventc^ 
where  several  ringers  are  usually  involved,  or  there  may  be  se^ 
rate  infections  at  different  times.     A  familiar  example  is  that  c*. 
patient  who  had  scrofulous  glands  in  childhood,  later  had  v. 
swelling  of  the  knee,  and  eventually  died  of  pulmonary   tube-^ 
losis.     It  is  probable  that  in  a  case  such  as  this  the  different  tn^^ 
Testations  have  some  connection  with  one  another,  and  that  the— ^ 
examples  of  periods  of  latency  of  the  disease  followed  by  iv 
static  deposits. 

The  original  tubercular  focus  may,  however,  be  absorbed  in    Co^ 
sequence  of  the  influence  of  the  inflammatory  process  whiclj  ^ 
been  set  up  around  it.     The  tubercle  becomes  encapsuled.     7^ 
cells  undergo  cheesy  degeneration  or  calcification,   and  ricatn>fr| 
tissue  finally  occupies  the  seat  of  the  tubercle;  or  ulceration  of  the 
neighboring  parts  occurs  and  the  tubercle  is  thus  removed.     If  any 
bacilli  remain  behind,  there  is  always  danger  of  a  renewal  of  the 
tubercular  process,  as  the  organisms  are  exceedingly  tenacious  of 
life,  and  either  they  or  their  spores,  if  such  exist,  may  be  able  at  a 
favorable    moment    to  begin   again   an   active  deve'  .    The 

danger  of  relapse  in  this  disease,  therefore,  is  always  gr 
an   tubercles  may  be  found  in  nearly  every  portion  of  the 
They  develop  readily  in  the  connective  tissue,  in  or  around 
blood-vessels,  in  the  parenchyma  of  organs,  or  on  the  stir 
membranes. 

Tuberculosis  probably  affects  more  individuals  than  any  other 
form  of  infectious  disease,  for  it  has  roughly  been  estimated  that 
out  of  every  five  deaths  one  is  due  to  this  cause.  Notwi 
a  very  large  proportion  of  those  affected  recover  their  health,  it 
will  readily  be  seen  that  the  bacillus  of  tuberculosis  is  one  of  the 
greatest  scourges  of  the  human  race. 

In  384  autopsies  of  children  who  died  of  acute  infectious  dr 
in  a  hospital  in  Copenhagen  between  1884  and  1887,  198  showed 
undoubted    evidences  of  tuberculosis.      Almost   withou! 
these  children  had  no  sign  of  the  disease  during  life:  in  all  cases 
the  disease  occurred  in  the  lymphatic  glands, 
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Medical  Institute  of  Munich,  in  500  autopsies  on  chil- 
x  fifteen  years  of  age,  tuberculous  disease  was  found  in 

In  other  words,  30  per  ceut.  of  those  who  died  at  that 
rere  tuberculous.  Statistics  of  the  autopsies  performed 
is  in  that  city  during  a  period  of  nearly  thirty  years,  a 
ned  for  the  stringent  rules  in  regard  to  the  examination 
d,  showed  that  tuberculosis  existed  in   29.4  per  ceut.  of 

It  is  found,  therefore  that,  although  not  always  the 
eath,  tuberculosis  existed  in  one-third  of  those  who  died 
ery  considerable  period  of  time. 

miosis  of  Bone.—  One  of  the  commonest  of  tuberculous 
nd  one  of  great  importance  for  the  surgeon  to  understand, 
losis  of  the  bones  and  joints.  Common  as  this  affection 
vertheless  one  which  suffers  greatly  from  the  ignorance 
srence  of  many  who  are  called  upon  to  treat  it.  The 
mce  in  the  knowledge  of  its  pathology  has  placed  the 
reatmeut  on  an  entirely  new  basis,  and  the  extent  and 
»  of  tubercular  bone  disease  and  the  possibilities  of  intcl- 
rative  interference  are  not  yet  fully  appreciated, 
nlous  disease  of  bones  and  joints,  in  the  great  majority 
follows  slight  contusions  and  sprains.  Spondylitis,  or 
?ase,  usually  occurs,  in  a  susceptible  individual,  after  a 
>rain.  A  bruise  of  the  spongy  tissue  of  one  of  the  bodies 
tebrse  or  of  the  head  of  the  tibia,  or  in  one  of  the  tarsal 
ollowed  by  a  laceration  of  some  of  the  delicate  vessels  of 
t  tissue,  and  an  effusion  of  blood  consequently  takes  place 
nd  around  the  cancelli  of  bone  or  into  the  synovial  cavity 

The  result  of  such  an  injury  impairs  for  the  time  being 
on  of  the  part  affected,  the  circulation  does  not  go  on  so 

K  there  is  a  period  during  which  absorption  of  the 
and  exudation  does  not  take  place.     The  point  of 

the  surrounding  tissues  are  momentarily  disabled  by  the 
lat  has  been  done,  and  they  are  in  a  less  resistant  state  to 
;m  of  bacterial  poison.  Individuals  predisposed  to  tuber- 
iv  already  have,  as  has  been  shown,  the  seeds  of  the  dis* 
orarily  imprisoned  in  the  lymphatic  gland.  The  bacilli 
1  the  injured  spot  as  single  organisms  floating  in  the 
I  thus  find  ready  access  to  the  extravasated  clot  through 
mouth  of  the  blood-vessels;  more  rarely  they  may  reach 

in  the  interior  of  an  embolus  which  may  have  become 
rotn  a  degenerating  gland  that  had  discharged  its  contents 
i,  or  which  may  have  communicated  with  the  pulmonary 
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capillaries,  and  thus  have  directed   the  embolus  into  the  arteru 
system.     When  such  an  embolus  is  caught  in  a  terminal  arler^—^.. 
wedge-shaped  infarctions  and  wedge-shaped  sequestra  are  not  u»  r  9 
common  in  the  articular  extremities  of  long  bones.     These  hgr^^  -     ,Jri* 
forma  of  injuries  area  more  frequent  source  of  tuberculosis  than  a^         W 
more  severe  accidents.     The  French  government  at  one  time  call  {  f-      *"e 
attention  to  the  large  number  of  cases  of  amputation  for  tuberc*^_    *d 
losis  of  the  ankle-joint  following  sprains,  and  enjoined  special  c^  ^      c"- 
in  the  treatment  of  this  injury.      All  writers  bear  testimony  to  r 
fact  that  it  is  extremely  rare  to  find  tuberculosis  of  the  bone  toiler.  »    '<* 
iug  fracture.     In  dislocation  the  rupture  of  the   capsule  app<?^      *• 
to  be  a  fortunate   circumstance,  for  the  effused  blood   can  esc^— 
from  the  articular  cavity,  which  blood  would  be  likely  to  ren    ^3 
for  a  long  time  uuabsorbed  and  to  furnish  a  soil   for  the  growl 
the  bacilli — a  process  which  very  probably  occurs  in  many  of  tFj^J 
cases  of  tuberculosis  following  sprains.     The  tension  is  thus?  /**. 
lieved  and  absorption  more  readily  takes  place. 

The  majority  of  cases  of  bone-and-joint  tuberculosis  occur  f 
children  and  in  youth.     According  to  Billroth,  of  all  the  case^ 
one-half  occur  before  the  twentieth  year.     This  is  true  of  Ctrl  ^ 

joints  only,  for  disease  of  the  wrist  and  of  the  shoulder  is  found^^^y*^ 
occurring  almost  invariably  in  adults.     These  joints  are  more  fre- 
quently the  seat  of  primary  tuberculosis,  whereas  children  are  more 
liable  to  that  form  of  the  disease  where  the  lesion  is  first  found  in 
the  bone  and  subsequently  breaks  into  the  joint.      These  primary 
nodules  often  remain  in  the  ends  of  the  bones  for  a  long  time 
without  giving  any  indication  of  their  presence,  and   Volkmann 
has  appropriately   called  this  the   lt  prodromal   stage  of  joint  dis- 
ease. M     Hip-joint  disease  usually  begins  as  a  bone  disease,   and 
this  affection   is  therefore  more  commonly  seen  in  childhood.     In 
youth,  males  appear  to  be  more  frequently  affected  than  females, 
but  later  in  life  there  does  not  appear  to  be  any  essential   difference 
between  the  sexes. 

It   is  probable   that   only  a   small   portion  of  the  tuberculous 
nodules  in  joints  and   bones  are  primary  in  origin,   the  majority 
of  them  being  secondary  to  some  diseased  gland  in  the  bronchial  f^aal 
or  the  mesenteric  group,  infection  taking  place  through  the  miicoc: 
membrane.     Landerer  examined  post-mortem  150  cases  of  tiiU-7CT^n^» 
losis  of  the  bones  and  joints,  and  with  one  or  two  exceptions 
tuberculous  disease  of  the  bronchial  glands  that  evidently  an 
dated  the  bone  affection. 

The  hereditary  tendencies  of  this  disease  are  shown  in  the 
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.-wing  hospital  statistics:  According  to  Brandenburg  of  Basle,  of 

I  j  children  with  tuberculosis  and  162  with  bone  tuberculosis,  all 
-ing  under  four  years  of  age,  34  per  cent,  were  children  of  dis- 
nctly   tuberculous  parents.       Bollinger  of   Budapest  reports  250 

t  of    bone-and-joint   tuberculosis,    in   97  of  which  either   the 
arents  or  the  grandparents  were  tuberculous. 

A  considerable  amount  of  experimental  work  has  been  per- 
>rmed  upon  animals  to  demonstrate  the  tuberculous  nature  of 
ie  so-called  "scrofulous"  bone-and-joint  diseases,  Watson 
'lieyne  was  one  of  the  first  to  perforin  this  work  with  pure 
LiHures  of  the  bacilli  obtained  directly  from  Koch's  laboratory. 
L  number  of  experiments  were  made  upon  goats,  the  nutrient 
ricry  of  the  tibia  being  injected  by  entering  the  tibial  artery 
-om  below  and  injecting  upward,  a  ligature  having  been  placed 

II  the  vessel  above  the  point  of  injection.  Three  minims  of  the 
tiUures  were  thus  introduced  into  a  young  goat,  and  the  animal 

E«d  on  the  fifty-second  day.     In  about  three  weeks  from  the  time 
the  injection  the  ankle-  and  the  tarso-  and  the  metatarso-phal- 
igeal  joints  began  to  swell,  cheesy  deposits  being  found  in  the 
-wer  end  of  the  tibia  and  the  metatarsal  bones.     The  synovial 
rabrane  of  both  joints  was  swollen  and  gelatinous.     The  dis- 
cm^se  in  the  joint  appeared  to  be  synovial,  the  epiphyses  being  but 
ighly  affected. 

Kxause  performed  a  large  number  of  inoculations  upon  guinea- 
3»s  and  rabbits.  The  material  used  was  a  pure  culture  of  the 
ftcitlus  suspended  in  a  0.6  per  cent,  salt  solution.  The  fluid  was 
itiodticed  either  through  an  incision  in  the  skin,  or  an  injection 
as  made  into  the  peritoneal  cavity  or  into  the  circulation,  as  the 
in  in  a  rabbit's  ear.  The  culture  was  also  injected  into  the  joint 
Immediately  after  the  injection  the  bones  were  fractured  or 
ie  joints  were  bruised  and  twisted  or  were  dislocated.  In  the 
tiinea-pigs,  out  of  44  joints  thus  treated,  15  became  tuberculous, 
md  the  joints  of  72  rabbits  were  treated  in  the  same  way,  of  which 
29  became  infected  with  tubercle.  A  microscopical  examination 
I  the  synovial  membrane  showed  the  presence  of  large  numbers 
of  leucocytes  in  the  tubercles,  and  occasionally  epithelioid  cells, 
but  no  giant-cells.  The  articular  cartilage  was  rarely  affected. 
The  number  of  bacilli  both  in  the  joints  and  in  the  bones  was  in 
all  cases,  as  in  man,  exceedingly  small,  and  this  was  in  striking 
contrast  to  the  great  numbers  found  in  tubercle  of  other  organs. 
There  appeared  to  be  no  tendency  to  the  formation  of  tubercles 
in  the  bones  and  joints  when  not  subjected  to  trauma.     All  the 
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cases  of  fracture  healed  without  the  slightest  trace  of  tuberculous 
infection  at  the  seat  of  fracture.       In   this  respect   the  contra^a^, 
between  the  action  of  the  bacilli  of  tuberculosis  and  that  of  thfVj. 
pyogenic  cocci  is  very  striking,  for  it  is  a  well-known  fact  th  ^  ^ 
when  an  animal  is  infected  with  the  latter  organisms  a  fractiir^  " 
of  the  bone  will  always  be  followed  by  suppuration.     Tuberculoid  ». 
nodules  were  occasionally  found  in  the  epiphyseal  ends  of  the  borv  r^ 
but  not  in  any  large  number  of  cases. 

It  did  not  appear  that  the  bacilli  were  disseminated  through  * 
system  in  emboli,  for  an  embolus  was  discovered  in  only 
case.     Krause  was  of  the  opinion  that  the  bacilli,  after  being  in 
duced  into  a  vein,  were  carried  through  the  vessel,  and,  fin 
being  taken  up  by  a  leucocyte,  made  the  passage  through  the 
of  a  vein,  or  in  the  bruised  tissues  passed  out  at  the  end  of  a 
tured  capillary  vessel   into  an  cedematous  tissue  or  I  clot 
offered  a  favorable  soil  for  their  growth.    The  presence  of  a  wecfoe~ 
shaped  infarction  of  the  bone  was  not  observed  in  am  of  the  --|  u^r 
YY.  M idler  was  able,  however,  to  obtain  tubercular  infarctions  w~ 
bone  by  injecting  tuberculous  material  into  the  tibial  artery  0^  ^^ 
goats.      He  obtained  typical  wedge-shaped  infarctions.      Many  ot  '*  s? 
them  were,  however,  round  or  irregular  in  shape — a  circumstance  "^ 
which  coincides  with  the  shape  found  occasionally  in  the  human 
subject. 

The  disease  begins  as  a  tubercular  ostitis,  and  its  commonest 
seat  is  in  the  centre  of  the  epiphysis  or  just  beneath  the  articular 

cartilage.     Vol k maim   re- 
marks that  these  chronic 
tuberculous  inflammations 
of  bone  have  a  tendency  to 
form   in   the  ends  of  long 
bones  near  the  join: 
as  pulmonary  tuberculosis 
in    the  apex  of  the 
lung.      Da   making  a  sec- 
tion of  the  bone  the  tuber- 
cular nodule  appears 
well-defined     mass    of   a 
reddish-gray,      yellow- Mi — 
white,  or  pure  yellow  coJof-\^ 
(Pig.  77).      The  surround^^ 
ing  bony  tissue  is  usually  red  and  hypenemic,  and  the  trabecoh^^ 
may  be  somewhat  thickened.     The  cancellous  spaces  are  devoid  c^/- 
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Fib.  77,— Tubcrculai  Nodule  of  the  Head  of  the  TiWa 

(Sp.  1456-2,  Wnrea  Museum). 
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£a.t-cells,  and  they  contain  a  swollen  semi-fibrous  material.    With  a 
lTiagnifying  glass  the  miliary  tubercles  are  seen  at  the  periphery  of 
t tie  nodule,  its  centre  being  composed  of  broken-down  cheesy  mate- 
j-ial.     The  size  of  these  nodules  varies  greatly.     As  they  grow,  the 
tubercular  virus  attacks  the  trabecular  and  leads  to  their  absorption, 
a  rid  the  bone  becomes  softened  and  breaks  up  into  a  mass  of  greasy, 
^■lieesy  material  containing  crumbling   fragments  of  bony  tissue. 
\Vheu  complete  softening  has  taken  place,  the  material  of  which 
trie  nodule  is  composed  becomes  puriform,  and  it  may  be  washed 
:-«\  leaving  a  cavity  lined  with  granulation  tissue. 
In  case  the  trabecular  have  not  completely  been  destroyed,  in 
tlie  infected  part  the  cancelli  between  them  will  become  filled  with 
^tieesy  debris,  and  as  the  vitality  of  the  part  has  been  destroyed 
^^rauulation  tissue  will  form  around  the  diseased  mass,  and  absorp- 
£t«n  of  the  connecting  trabecular  occurs:   the  spongy  sequestrum 
nich  has  thus  formed  separates  from  the  living  bone. 
These  so-called  *'  cheesy  sequestra"  are  quite  small,  not  exceed- 
»-*mg  in  size  that  of  a  walnut,  and  are  more  or  less  globular  in  form. 
TT'lie  surrounding  bone  may  become  somewhat  thickened,  and  the 
i  n  terst ices  are  filled  with  gray  fibrous  tissue,  or  eburnatiou  of  the 
t>one  may  in  some  cases  take  place  (Fig.  78). 
When  the  nodule  has  softened   completely 
into  pus  the  surrounding  bone  is  either  cov- 
ered by  a  tubercular  membrane,  which  will 
t»e  described  presently,  or  its  surface  is  infil- 
trated with  granulation  tissue,  which  usu- 
ally contains  miliary  tubercles  on  its  inner 
aspect,  affording,  nevertheless,  protection  to 
the  adjacent  bone.     These  small  sequestra 
He  firmly  imbedded  in  a  thick  layer  of  blue- 
gray  transparent  granulation  tissue  dotted 
with  yellow  spots.     Large  amounts  of  pus 
rarely  accumulate  around   these    nodules. 
When  removed  and  macerated  the  sequestra 
are  seen  to  be  round  or  irregularly-shaped 
bodies,  consisting  of  thickened  spongy  tis- 
sue, and  they  differ  in  this  respect  from  the 
sequestra  of  osteomyelitis  that  come  from 

cortical   bone,  and   thev  are   consequent! v    Fig.  78.— Tui>ercular Abscess- 
much    denser  and    have   usually   sharply-       cavity  being ihe point, 

r  glfl  of  disease  of  the  hip- 

serrated    edg  joint  (Specimen  1282.  War- 

The  sclerosed  bone  which  develops  around      ten  Museum  j 
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the  diseased  area  forms,  with  the  granulation  tissue,  a  sort  of  T^.» 
sule  which  may  arrest  the  further  progress  of  the  disease,  x^^ 
such   sequestra   or   pus-cavities   consequently  may   remain   t  l«._^.  ■ 
time  without  giving  any  sign  of  their  presence.     The  surround-  ^, 
bone  may,    however,    eventually   be   invaded   by    the   tuK 
growth,   and  the  thickened  trabecular   may    be  absorbed,  | 
rarely  occurs. 

The  tubercles  have  usually  disappeared  from  the  nodule  by       {l 
time  the  degenerative  changes  are  well  established,  and  it  is  tv/ii* 
great  difficulty  that  the  presence  of  bacilli  can  be  demonstrafee^- 
The  difficulty  in  finding  the  bacilli  is  attributed  bj  Cheyne  i.       ^^ 
fact  that  they  are  more  numerous  in  the  earliest  stage  of  the  disc, 
and  decrease  later,  or  they  rapidly  pass  into  the  spore  stage 
not  always  possible,  he  thinks,  to  stain  them.     In  double  staining 
some  are  found  red  and  others  blue,  which  result  is  probably  due 
to  the  different  stages  of  development. 

Very  small  tubercular  nodules  may  be  absorbed,  the  surrounding 
bone  throwing  out  granulations  that   permeate   and  destroy  the 
broken-down  tissues.      This  action   occurs  only  when    the  process 
has  not  gone  on  to  suppuration,  but  this  rarely  happens  in  chil- 
dren.    Some  of  these  nodules  are  of  embolic  origin,  and  in  this 
case  an  infarction  occurs  which,  terminating  in  necrosi-,  leaves  a 
wedge-shaped  sequestrum  of  bone  whose  base  is  usually  found  jusl 
beneath  the  cartilage.      These  infarctions  are  found  in  the  articular 
extremities  of  the  long  bones.     In  its  early  stages  of  development 
the  infarction   has  a  gelatinous  grayish  transparency,  and   with  a 
lens  it  will  be  found  studded  with  submiliary  tubercles.      I 
ally  about  the  size  of  a  bean,  but  it  may  occasionally  be  as  large  as 
a  pigeon's  egg.    The  amount  of  suppuration  which  these  sequi 
cause  is  very  slight:  it  may,  however,  be  sufficient  to  dissect  off 
the  cartilage,  and  then  the  base  of  the  sequestrum,  being  exposed 
to  the  articular  cavity,   may  become  eburnated  and  poll! 
friction. 

The  tuberculous  nodules  in   bone  may  frequently  be   multiple. 
Sometimes  both  ends  of  the  bone  may  be  involved  sisii 
or  separate  bones  and  joints  may  be  affected.     There  are  certaii 
seats  of  predilection,  as  the  olectanon  and  acetabulum,  the  in 
condyle,  or  the  neck  of  the  femur,  where  nodules   ire  more  likely 
be  found  than  tu  other  bones  composing  a  joint,  but  these  ]«oio 
are  not  yet  well  determined  by  statistics.     It  rarely  happer 
the  tuberculous  nodules  give  rise  to  secondary'  nodules  or  infiltf^. 
tions  in   the   surrounding  srxingy  bone.     There  may  be  d 
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xtiiliary  tubercles  in  a  bone  as  a  part  of  an  acute  miliar}'  tuber- 
culosis, or  in  cases  where  the  end  of  the  bone  has  been  freely 
exposed  in  the  later  stages  of  an  aggravated  form  of  tuberculous 

^  joint  disease. 
Where  the  confluent  masses  of  tubercle  in  the  centre  of  a  nodule 
t>cgin   to   break   down,    there   is   formed   a  collection   of  caseous 
xT^terial  surrounded  by  tuberculous  tissue.     This  material  becomes 
j  nfiltrated  with  fluids  and  leucocytes,  and  thus  there  is  produced  a 
«^-iwity  containing  fluid  fatty  material,  fragments  of  cells,  and  leu- 
^^xrytes,  around  which  there  is  granulation  tissue  filled  with  tuber- 
crlts;  and  in  this  way  a  tuberculous  abscess  is  formed  (Cheyne).     It 
^^ems,  at   times,   to  be  quite  a  matter  of  accident  whether  the 
^."fcscess   breaks  into  the  joint  or  finds  its  way  by  a  more  circuitous 
^-onte  into  the   surrounding  connective  tissue.     As  the   tubercu- 
lous masses  spread,  caseation  takes  place  at  different  points  in  the 
vvall,  and  the  masses  are  discharged  into  the  cavity  of  the  abscess; 
V>ut  the  spread  of  the  abscess  is  effected  generally  by  what  is  termed 
*  burrowing  of  pus."    This  burrowing  occurs  in  various  directions, 
and  large  collections  of  pus,  altogether  out  of  proportion  to  the 
original  lesion,  are  formed,  and  are  known  as  cold  abscesses.     The 
•   which   they  contain   is  so  characteristic  that  it   can   always 
readily  be  recognized  after  seeing  it  once.     It  is  of  a  pale  white 
color,  and  it  frequently  contains  masses  of  cheesy  material,  like 
coagulated  casein,  sometimes  of  considerable  size,  which  makes 
the  aspiration  of  these  abscesses  often  a  difficult  operation.     It  is 
for   this  reason   called  "grumous/'1     It  has  a  very  thin  scram, 
much  thinner  than  that   of   the  pus  of   acute   abscesses.     Occa- 
sionally the  pus  may  be  mingled  with  blood,    in  which  case  it 
will  have  a  dirty  brown  color.     Not  infrequently  small  bony  par- 
ticles are  found  in  the  pus,  feeling  to  the  finger  like  grains  of  sand, 
particularly   in  abscesses  resulting  from  disease  of  the  vertebrae. 
The  presence  of  the  bacilli  in  such  pus  is  not  easy  to  demonstrate 
microscopically,  but  on  culture  the  pus  of  cold  abscesses  yields  a 
quantity   of  the   characteristic   bacilli.     The   pyogenic   cocci   are 
rarely  seen   in  the  cold  abscess  before  it  is  opened:  according  to 
many  authorities  they  are  never  found   in  them.     Rapid  rise  of 
temperature  and  increase  of  hectic  fever  accompany  the  infection 
of  such  an  abscess  by  the  pus-cocci  when  an  abscess  is  allowed  to 
break  or  is  opened  without  the  strictest  antiseptic  precautions. 

The  walls  of  such  abscesses  have  a  very  characteristic  appear- 
ance,   being    covered    by   the    so-called    tuberculous    membrane. 

L1  From  grume;  n  dot  {^thhius,  a  little  heap;  Kp^fta^j  aYieapot  slovie&y 
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described   originally  by   Volkmann.     This  opaque   membrane 
several  millimetres  thick,  and  is  of  a  violet-gray  or  a  yello*.' 
brown  color,  and  is  very  feebly  vascular  on  its  inner  surface,  whi»  ^ 
comes  in  contact  with  the  pus.     It  contains  innumerable  clust*  j 
of  miliary  tubercles,  so  that  it  often  appears  to  be  formed  exc*^ 
sively  by  them.      They  are  supported   by  a  matrix  of  coagula  ^ 
fibrin.     This  membrane  can  easily  be  scraped  off  with  the  fingt-*- 
cven  be  removed  by  a  stream  of  water,  and  frequently  during  an  cr^_ 
ration  it  peels  off  from  the  surface  in  sheets  several  inches  squ  ^_ 
Below  this  membrane  there  is  found  a  fibrous  indurated  tissue  wl^^ 
separates  the  abscess  from  the  surrounding  healthy  parts.    Tin 
sue  is  the  result  of  a  slight  reactive  inflammation,  and  it  con 
no  tuberculous  material.     In  over  a  thousand  eases  examined 
fully  by  Volkmann,  on  two  occasions  only  did  he  see  the  t*^- 
cles  invading  the  surrounding  muscular  tissue.     If  on  openir^p. 
abscess  with  cheesy  contents  the  muscular  tissue  is  found  to  jja 
undergone  a  cheesy  degeneration,  the  abscess  is  probably  syphiJ/W- 
In  this  case  no  tubercular  membrane  can  be  found,  and  it  wi/j  not 
be  possible  to  scrape  away  the  wall  of  the  abscess.     The  presence 
of  the  tubercular  membrane  is  considered  by  Volkmann  as  an  abso- 
lutely certain  diagnostic  sign  of  the  nature  of  the  abscess. 

After  all  the  tubercular  membrane  has  carefully  been  scraped 
away  one  can  generally  find  in  the  subjacent  layer  of  light-colored 
indurated  tissue  a  small  clump  of  red  granulations.  These  gran- 
ulations protrude  from  the  mouth  of  a  fistulous  opening  leading 
either  to  diseased  bone  or  to  a  tuberculous  joint.  Sueh  a  fistnl 
tract  must  be  followed  up  to  its  source,  and  then  there  will  be 
found  somewhere  in  the  bone  a  small  cavity  which  e  to 

the  more  superficial  suppuration.  Only  when  this  cavit)  lias  also 
been  curetted  thoroughly  can  the  surgeon  feel  at  all  sure  that  the 
tuberculous  disease  has  thoroughly  been  removed. 

When  the  abscess  breaks  spontaneously  it  communicates  with 
the  surface  by  an  opening,  the  walls  of  which  are  also  tuberc 
for  whenever  the  tuberculous  pus  comes  in  contact  with  the  healthy 
tissue  infection  is  bound  to  occur.    Cheyue  does  not  accept  the  Ger- 
man theory,  which  assumes  that  a  wall  of  fibrin  has  been  poured 
out  around  the  tubercles.     He  thinks  that  the  gTanular  material  of 
the  wall  of  the  tubercular  cavity  is  derived  from  degenerat 
the  preformed  tissue.      Many  of  these  abscesses  were  atone  time 
supposed  to  be  formed  independently  of  the  original  nod 
disease;  consequently  they  were  called  "periarticular."     Sin 
scesses  occasionally  do  occur,  as  %.  result  oC  the  transporta* 
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fected  material  through  the  lymphatics  to  an  adjacent  area  of 
imective  tissue,  but  more  careful  study  of  these  abscesses,  such 
has  been  made  since  the  system  of  thorough  curetting  has  been 
tablished,  reveals  the  presence  of  the  minute  fistulous  tract  which 
minuuicates  with  the  original  seat  of  the  disease. 

i  I  ready  pointed  out  by  the  writer,  the  tubercular  deposit  is 
most  entirely  confined  to  the  ends  of  the  long  bones,  and  this 
.thological  fact  helps  greatly  in  distinguishing  between  this  form 
disease  and  the  necrosis  following  acute  osteomyelitis ;  occasion- 
ly,  however,  there  is  seen  tuberculosis  of  the  diaphysis  or  shaft  of 
e  long  bones.  When  the  disease  does  occur  in  this  locality,  it  is 
undonlv  in  quite  young  children.  Such  a  case  the  writer  saw 
•cently  in  a  boy  about  four  years  of  age.  The  presence  of  a  white 
veiling  of  the  knee-joint  of  the  same  limb  greatly  facilitated  the 
iagnosis.  There  were  a  series  of  sinuses  opening  at  different 
oints  along  the  course  of  the  femoral  artery;  an  exploratory 
peration  disclosed  the  presence  of  tuberculous  granulations,  but 

0  large  sequestrum.     This  condition  is  somewhat  more  frequent 

1  die  shaft  of  the  tibia,  the  humerus,  and  the  ulna  than  in  the 
ther  long  bones,  and  in  these  cases  it  is  found  to  be  secondary  to 
atne  other  tubercular  focus,  as  in  the  case  quoted  above.     Tuber- 

lions  deposits  are  still  more  common   in  the  shafts  of  the  shorter 
ng  bones,  such  as  the  phalanges  and  the  metacarpal  and  meta- 
bones.     Miliary  tubercles  accumulate  in  the  medullary  tis- 
whicli  is  gradually  converted  into  the  characteristic  granu- 
ition  tissue;  and  this  tissue,  as  it  grows,  absorbs  the  inner  layers 
cortical  bone  and  accumulates  in  considerable  quantity.     Partly 
om  this  accumulation  and  partly  from  a  deposition  of  new  bone 
>y  the  periosteum,   which   is  stimulated  to  a  formation  of  new 
one,  there  is  obtained  the  characteristic  flask-shaped  bone  which 
ill  known  to  ancient  writers  as  spina  vc?itosa.     This  name  was 
by  them  to  all  affections  that  produced  such  distention  of 
>ne,  whether  of  tuberculous,   syphilitic,   or  other  origin:  it  was 
sted  partly  by  the  cavities  left  in  the  distended  bones  after 
granulation  tissue  had  broken  down  and   melted   away,   and 
rtly  by  the  appearance  of  the  macerated  bones,  which  appeared 
have  been  distended  with  air.     Gradually  the  surfaces  of  the 
ties  yield  at  the  end  of  weeks  or  months,  and  the  thinned  cor- 
al bone  is  distended  more  and  more  by  the  growth  of  the  gran- 
tissue  until  here  and  there  it  entirely  disappears.      The 
ones  crackle  with  a  parchment-like  sensation  under  the  fingers, 
nd  fluctuation  is  finally  established  at  one  spot.     \\\  t\v£  vneaxL 
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time  the  surrounding  skin  becomes  reddened  and  swollen,  and    a« 
some  point  softens  and  breaks  down,  the  characteristic  tubercul^w 
pus  being  discharged.    These  bones  may,  however,  remain  for  a  U 
time  in  the  granulation  stage,  and  they  may  eventually  heal  witi\^ 
suppuration,  so  that  no  trace  of  the  disease  is  left  behind.   The  dis^. 
is  generally  confined  to  the  shaft  of  the  bone,  and  the  neigbtx 

joints  may  remain  perfectly  heal 
Although  the  epiphyses  may  g]q 
cape  injury,  the  Intermediate  car- 
will   probably  be  destroyed,  and  ftc 
future  growth  of  the  bone  will  cunse- 
quently  be  arrested,  or  the  entire 
of  the  bone  may  be  absorbed    As  th** 
result  of  the  destructive  changes  gTcr 
deformity  to  the  fingers  or  the  toes  w  ^^ 
necessarily  result  (Fig.  79). 

Among  the  short  bones  is  found  u^~ 
berculous  disease  of  the  bones  of  tit  *^ 
carpus  and   tarsus  both  in  childhood— ' 
and  in  adult  life.   According  to  Kraust^  ^ 
disease  of  the  carpus  is  not  so  comnr: 
in  children.    At  this  period  of  life  tb  «  * 
disease  has   less  tendency  to  spread^~>  J 
Whether  it  be  that  a  bone  is  affecte**^1* 

ease.  ^ 

which  does  not  communicate  with  :h  *=» 
articular  cavity  or  that  an  adhesive  inflammation  shuts  it  off  froir^*1 
the  other  bones,  there  are  often  found  only  a  single  fistulous  op 
ing  and  a  tendency  to  heal  without  operative  interference.     Thi 
particularly  true  of  the  carpus.    In  adults,  however,  there  is  a  tenc 
ency  of  the  disease  to  spread  from  one  bone  to  another.    The  wl 
wrist  is  transformed  into  a  spindle-shaped  swelling  perforated 
numerous  openings.      A  Sound  may  be  introduced  in  various  dire 
tions  without  detecting  a  sequestrum.     The  disease  appears  to  ~~Wtx 
the  expression  of  a  general  infection  or  to  be  one  of  numerous  loczr^/ 
deposits  of  tubercle,  pulmonary  tuberculosis  being  already  dev<*f. 
oped  or  soon  to  follow. 

In  the  tarsus  a  sequestrum  is  rarely  found,  except  in  the  « 
calcis.     This  region  may  be  infected  secondarily  to  the  ankle-jouit 
or  the  disease  may  originate  primarily  here  as  a  nodule  in  one < 
more  of  the  bones.     It  should  not  be  forgotten  that  the  synovial 
membrane  may  be  affected  primarily  as  well  as  the  bones.    The 
disease  spreads  evenUiaWv  ttorav  owe.  \xcrcvt  te  another,  until  the 


Kig.  79. — Deformity  from  Absorption 
of  Phalanx  due  to  Tubercular  DLs- 
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whole  tarsus  is  involved.     After  long  duration  of  the  disease  the 
trabecule  of  the  spongy  tissue  are  more  or  less  absorbed  by  a  rarc- 
itis,  and  the  bones  become  so  soft  that  they  can  easily  be 
cut  with  a  knife.     The  whole  ankle  becomes  transformed  into  a 
-shaped  swelling,  from  which  tuberculous  pus  is  discharged 
through  various  openings.     The  fistulse  and  the  skin  surrounding 
their  mouths  are  also   infected.     This  disease  of  the  wrist-  and 
l he  ankle-bones  usually  receives  the  name  of  caries  of  the  carpus 
and  tarsus.     By  cartes  was  meant,  originally,  an  inflammation  of 
the  bone,  with  solution   or  ulceration  of  the  bone,  for  bones  so 
effected  have,  when  macerated,  the  characteristic  worm-eaten  ap- 
ian ee.     The  tens  is  falling  somewhat  into  disuse,  now  that  it 
kuown   that  most  cases  of  caries  are,  with  the  exception  of  the 
vphilitic  forms,   due  to  tubercle.     The   term    "caries"   may  be 
pplied  to  tuberculosis  of  any  of  the  bones  or  joints. 

One  of  the  commonest  seats  of  tubercular  discasey  especially  in 
luldren,  is  in  the  bodies  of  the  vertebras.  Billroth,  in  a  collection 
f  autopsies  of  nearly  two  thousand  cases  of  caries  of  different  por- 
tions of  the  skeleton,  found  that  in  35.2  per  cent,  of  the  cases  the 
di;  situated  in  the  vertebral  column.     The  disease  begins 

liere,  as  in  other  bones,  where  the  growth  is  greatest;  that  is,  near 
tie  periosteum  and  intervertebral  substance.  It  exists,  therefore, 
frequently  as  a  tuberculous  periostitis.  In  this  form  it  is  found  in 
the  anterior  surface  of  the  bone,  just  beneath  the  anterior  longitu- 
dinal ligament.  Here  the  vessels,  which  run  into  the  bone  more 
or  less  perpendicularly  to  the  surface,  are  surrounded  with  granula- 
tion tissue,  and  the  absorption  of  the  bone  is  therefore  greatest  at 
these  points;  and  when  the  ligament  is  peeled  off  from  the  verte- 
brae the  tuberculous  granulations  are  found  adhering  to  it  as  small 
red  nodules  which  have  been  torn  away  from  the  bone,  the  latter 
presenting  the  characteristic  worm-eaten  look  of  caries. 

Less  frequently  the  centre  of  the  bone  is  affected,  and  the  tend- 
ency to  suppuration  is  then  not  so  great.  Two  or  more  foci  may 
exist  in  the  same  body.  Not  unfrequently  these  nodules  contain 
sequestra.  Primary  disease  of  two  vertebral  bodies  in  different 
lion-adjacent  parts  of  the  spine  is  rare,  though  it  has  been 
recorded.  But  no  extensive  destruction  of  many  of  the  adjacent 
vertebra?  from  primary  disease  of  one  may  be  said  to  be  the  rule  in 
Pott's  disease  (Bradford  and  hovett). 

The  disease  may  become  arrested  in  its  earliest  stages,  ;mrl  in 
this  case  bone-formation  takes  place  beneath  the  ligament,  and 
ankylosis  of  the  vertebral  column  at  this  point  will  occur.     U  l\\e. 
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[ge-shaped  mass  remains  to  mark  the  former  site  of  the  bone: 
this  way  angular  curvature  is  produced.     When  several  iuter- 
errtebral  cartilages  are  melted  down  and  the  intervening  bodies  are 
inverted  into  wedge-shaped  masses,  the  curvature  has  a  more  bow- 
ed outline.     The  older  writers  recognized  the  fact  that  the 
rigular  curvature  indicated  disease  of  but  a  single  vertebral  body 
rause). 

A-  Mippuratiou  goes  on  the  pus  burrows  at  times  for  a  consider- 
le  distance,  as  in  the  case  of  the  "  psoas  abscess/*  so  called,  the 
following  the  sheath  of  the  psoas  muscle  in  working  its  way  to 
surface  at  the  groin.  Such  abscesses  originate  from  tubercu- 
cms  disease  in  the  dorsal  or  the  upper  lumbar  vertebrae.  Abscesses 
figinating  from  disease  of  the  lumbar  vertebra?  may,  however, 
»£»int  posteriorly  in  the  lumbar  region.  Retropharyngeal  abscess 
3  caused  by  disease  of  the  cervical  vertebrae.  Abscesses  arising 
r<jm  the  upper  dorsal  region  may  involve  the  pleural  cavity,  and 
jj ay  even  break  into  the  lungs;  occasionally  the  oesophagus  and 
e  aorta  are  bathed  in  the  pus  of  these  abscesses.  Such  collec- 
oas  of  pus  may  sometimes  find  their  way  into  the  vertebral  canal, 
d  spread  beneath  the  meninges  and  briug  about  a  compression 
the  cord.  The  adjacent  ostitis  may  also  set  up  meningitis,  and 
-m  this  case  the  cord  may  be  compressed  by  the  inflammatory  exu- 
ation.  As  a  result  of  this  pressure  paraplegia  may  be  produced, 
ressure  of  the  spinal  nerves  may  occur  occasionally  as  the  result 
"  connective-tissue  growth  around  the  roots  of  the  nerves.  During 
e  period  of  convalescence  ossification  of  the  bones  at  the  seat  of 
e  disease  may  occur  as  the  result  of  the  reparative  efforts  of  the 
riosteal  and  osseous  tissues,  and  the  fragments  of  the  bodies  of 
e  diseased  vertebra  may  thus  become  firmly  aukylosed.  The 
tnmonest  seat  of  the  disease  is  in  the  dorsal  region;  it  is  found 
in  the  upper  lumbar  region  and,  less  frequently,  in  the  cervi- 
xegion.  In  rare  instances  the  transverse  and  spinous  processes 
y  be  the  seat  of  the  disease.  The  flat  bones  are  also  the  seat  of 
rculosisj  although  much  less  frequently.  In  the  scapula  it 
y  occur  with  or  without  formation  of  a  sequestrum;  usually 
tc  is  a  carious  softening  of  the  part  affected.  In  a  case  that 
e  under  the  writer's  care  the  caries  affected  the  greater  part  of 
scapula.     By  laying  open  the  various  sinuses  it  was  possible  to 

the  bone  satisfactorily. 
Tuberculosis  of  the  ribs  and  the  sternum  is  somewhat  more  fre- 
entty  seen  than  that  of  the  scapula.     It  is  usually  a  disease  of 
.nit    life.      Tuberculosis    or    "caries   of   the   ribs,"    as  it  was 
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of  cartilage  is  an  unusually  obstinate  affection,  as  parts  are 

solved  which  lie  near  vital  organs  and  the  reparative  power  of 

ecartila.L  ble.     The  pathological  changes  in  the  sternum 

very  much  the  same  as  in  the  ribs.      Owing  to  the  vicinity  of 

ie  heart  and  the  large  vessels,  the  complications  may  occasionally 

alarming.       The   munbrana  sterni  posterior  may,  however, 

rove  a  protection  to  the  muliastinum  against  the  invasion  of  an 

xcess. 

A  case  of  very  extensi\  ^  tuberculosis  of  the  sternum  entered  the  writer's 
awd  some  years  agl »  The  patient  was  in  a  cachectic  condition.  Presently 
hematoma  formed  near  the  site  of  one  of  the  many  fistulous  openings   and 

soon  became  evident  that  a  hemorrhage  was  taking  place,  from  time  U> 
me,  from  a  vessel  of  considerable  size.  On  etherizing  the  patient,  laying 
pen  the  tumor,  and  removing  the  clots,  blood  spurted  from  a  large  artery 
i  the  interior  of  the  thorax,  possibly  the  internal  mammary.  The  hem- 
rTbage  could  only  be  controlled  by  plugging  the  Cavity.  At  the  autopsy, 
few*  days  later,  extensive  amyloid  disease  of  the  viscera  was  found.  The 
zwTce  of  the  hemorrhage  could  not  be  discovered.  The  greater  portion  of 
mm  was  involved  in  the  disease,  and  perforation  had  taken  place  at 
everal  points,  but  no  extensive  collection  of  pus  was  found  in  the  medi- 
«»tinum. 

Ordinarily,  these  cases  of  sternal  disease  present  themselves  for 
reatment  with  a  small  fluctuating  tumor  over  the  sternum  or  with 
sinus  which  marks  the  site  of  an  abscess  that  has  opened  and  dis- 
larged.     These  abscesses  and  sinuses,  when   carefully  explored, 
luder  ether,  are  found  to  communicate  with  diseased  bone.     The 
opening  leading  to  the  bone-cavity  may  easily  be   over- 
coked,  and  in  some  cases  is  impossible  to  find,  but  tubercular 
ilscesses  in   this  locality  almost   invariably  originate    from  bone 
isease.     The  opening  of  the  cavity,  as  is  customary  with  many 
tngeons,   is  not  sufficient  to  effect  a  cure.     Extensive  dissection 
sometimes   needed   to   expose  the  tuberculous   nodule,   and    the 
seased    tissue    should   be    removed    thoroughly  either    by    the 
rette,  the   chisel,  or   the-   trephine,  as   the   case   may   demand, 
nly   by  such   radical   treatment  as  this  that  a  cure  can   be 
fected.     By  the  older  methods  of  treatment  these  sinuses  usn- 
ars  before  healing,  or  the  patient  died  of  pul- 
onary  tuberculosis.     In  many  cases  of   tuberculosis  of  the  rib 
cure  cannot  be  effected  without  resection  of  the  diseased  por- 
>n  of  the  bone.     The   iodoform   treatment,  which   is  described 
another  chapter,   is  adapted  to  these  cases,  but  it   cannot  be 

ded  upon  to  effect  a  cure  without  operative  interference. 
Among  other  flat  bones  that  are  affected  are  those  of  the  pelvis. 


The  most  frequent  spot  is  the  acetabulum,  but  the  cTests  o£"~ 
ilia  and  the  sacro-iliac  synchondrosis  are  also  points  whence    , 
abscesses  may  originate.     Tuberculosis  of  the  cranium    i 
chiefly  in   the  frontal  and  temporal  bone,  ah  eeptim> 

bones  of  the  ear  and  the  mastoid  process.  A  mass  of  grant 
tion  tissue,  with  possibly  a  small  sequestrum,  is  found  at  the  5 
of  the  disease:  in  either  case  a  perforation  of  the  inner  tables 
possibly  a  slight  infection  of  the  dura  may  take  place,  The 
manifests  itself  as  a  fluctuating  tumor,  which  when  opened  d 
charges  pus  and  discloses  the  pulsation  of  the  brain  beneath  t 
dura.  Syphilis — for  which  this  disease  may  be  mistaken— d« 
not  have  so  great  a  tendency  to  form  abscesses,  and  it  usua.! 
affects  a  much  larger  surface  of  the  bone. 

That  portion  of  the  face  most  likely  to  be  affected  is  llu 
orbital  ridge.  Disease  in  this  locality  occurs  usually  in  childrr 
although  the  writer  has  seen  cases  in  adults.  Suppuratiuu  occui 
and  ectropion  and  unsightly  scars  may  be  the  result  of  a 
suppuration  lasting  for  months.  A  case  of  tuberculosis  of  t 
malar  bone  caused  an  extensive  suppuration  which  finally  end 
in  ankylosis  of  the  jaw,  for  which  osteotomy  was  performed 
year  after  the  old  sinuses  had  healed. 

Tuberculosis  of  the  bones  of  the  nose  is  usually  secondary 
disease  of  the  mucous  membrane  elsewhere.  It  may  also  res 
from  an  extension  of  lupus  of  the  alze  or  the  septum  into  1 
nostril.  Isolated  patches  of  lupus  are,  however,  seen  in  the  EM 
mucous  membrane.  It  appears  as  exuberant  granulations  which 
times  have  a  typical  papillary  growth,  or  as  an  ulcer.  The  cart  i  I 
inous  portions  of  the  nose  are  more  frequently  affected  with  I 
lupous  type  of  tuberculosis. 

Riedel  described  large  tuberculous  tumors  growing  on  the  c 
tilaginous  septum  in  adults,  and   Koenig  saw  similar  growths 
children.      Tuberculosis  of  the  nose  may   also   follow   tnl* 
of  the  hard  palate,  the  disease  breaWng  through  the  floor  of 
nostril.      In  a  case  seen  a  year  or  two  ago  the  mucous  inemhr.- 
of  the  anterior  portion  of  the  hard  palate  and  the  adjacent  alvoc 
process  was  in  a  state  of  ulceration  which  had  alren> 
into  the  nostril.     Several  members  of  the  patient's  family  \re; 
tuberculous.     The  diseased  portion  of  the  bone  v  iaed  ao> 

a  permanent  cure  was   effected.     The   lower  jaw  is   very  rarelj 
affected   by  this  disease,  and  the  same  may  be  said  of  H 
icle,   although  the  sterno-clavicular  articulation  may  be  the  seat 
of  tubercular  suppuration. 


XXV.    SURGICAL    TUBERCULOSIS 
OF    JOINTS. 

There  are  two  forms  of  tuberculous  disease  of  joints.  In  the 
more  common  (or  osteopath-it)  form  the  disease  begins  in  the 
epiphyseal  ends  of  the  bones,  as  has  already  been  described.  The 
nodule  eventually  softens  down,  and,  instead  of  breaking  externally 
and  forming  an  abscess,  it  finds  its  way  into  the  joint,  either  through 
a  fistulous  opening  or  by  gradual  involvement  of  the  articular  car- 
tilages. In  the  second  variety,  the  arthropathia,  the  synovial  mein- 
t>iane  is  the  seat  of  the  disease. 

In  the  first  form  there  exists  a  preliminary  or  prodromal  stage 
of  joint  disease  during  which  the  bone  only  is  affected.  The 
ii.ttiire  of  this  process,  having  already  been  described,  need  not  be 
repeated  here.  As  the  inflammatory  process  approaches  the  artic- 
ular cavity  it  not  infrequently  occurs  that  a  reactive  inflammation 
of  an  entirely  non-specific  character  is  set  up  within  the  joint 
The  joint  becomes  swollen  and  tender,  and  it  is  filled  with  a  serous 
exudation  which  may  last  for  some  time,  and  finally  disappear 
(hydrops  tuberculosus);  or  the  synovial  membrane  may  become 
infected  and  granular  without  showing  any  evidence  of  tubercular 
infection;  or  a  fine  layer  of  vascular  tissue  may  grow  out  over  the 
cartilage,  closely  resembling  the  pannus  growth  of  the  cornea. 
This  tissue  may  involve  the  lining;  membrane  of  the  joint,  and  it 
may  lead  to  adhesions  and  cicatricial  contractions  to  such  an  extent 
as  to  obliterate  nearly  the  whole  cavity  of  the  joint.  In  such  an 
extreme  case  the  severe  symptoms  of  tuberculous  inflammation  do 
not  make  their  appearance  in  the  joint,  but  the  tuberculous  disease 
remains  confined  to  the  bone.  It  is  often  the  case  with  the  knee- 
joint  that  when  the  tuberculous  nodule  which  has  formed  in  the 
bones  finally  breaks  into  the  joint  a  greater  portion  of  the  inner 
wvitv  is  shut  off  by  adhesion;  consequently  the  articular  surface 
nf  but  one  of  the  condyles  may  become  affected  with  the  disease. 
Snch  an  obliterating  synovitis  may  occur  in  the  hip-joint,  the 
result  of  which  is  that  the  head  of  the  bone  becomes  sometimes 
ankylosed  to  the  acetabulum.  Such  changes  are  not  unlike  those 
adhesive  inflammations  seen  so  frequently  in  the  pleura,  the  peri- 
toneum, and  in  other  serous  cavities,  and  they  seem  to  protect  the 
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joint,   to  a  certain  extent,   from   the   tuberculous   infection 
which  it  is  threatened.     This  kind  of  inflammatory  reaction.  ^ 
more  often  seen  in  the  knee  than  in  the  hip;  consequently  su*-^       " 


■h 


m      ration  witli  caries  of  the  articular  surfaces  is  less  likely  to  occi\r4 

■       the  knee. 

V  If,  however,  tuberculous  material  finds  its  way  into  a  perA^. 

m         healthy  joint,  it  is  readily  spread  about  by  the  movements  af  ^ 
■  limb  into  all  parts  of  the  synovial  capsule,  which  soon  bec^, 

infected:  this  is  well  shown   by  Cheyue's  experiments   upon  ^ 
mals.     Tuberculosis  of  the  joint  of  a  goat  was  produced  b 
tion  of  tuberculous  sputa  directly  into  the  synovial  cavity,  andafeo 
by  boring  a  hole  into  one  of  the  bones  of  the  joint  and  in 
the  same  virus  into  the  cavity  thus  made.     Emulsion  of  tubercu- 
lous pus  in  distilled  water  was  also  injected  into  a  joint  with  the 
same  result,     The  same  emulsion  injected  into  the  femoral  arters 
produced  an  infarction  in  the  tibia.     Pure  cultures  injected  in*9 
the  knee-joints  of  rabbits  yielded  typical  results  in  eleven  cases  c**^ 
of  twelve. 

The  infection   of  the  joint  from  bone  occurs  by  the  gr 
spread  of  the  tuberculous  process  through  the  connective  tissue  c^— ^ 
the   Haversian   canals,   and   by   gradual   absorption   of  the  botf 
trabecular,    until   finally   the  tubercular  material   breaks  into  tlr  -*- 
joint  by  a  free  opening  in  the  articular  surface  or  by  the  fornix  ■"*" 
tion  of  granulation  tissue,  which  gradually  dissects  off  the  artici^^ 
lar  cartilage.     In  other  cases  the  deposit  may  reach  the  surface  ff-       aJ 
the  margin  of  the  synovial  membrane,  which  becomes  thickener  ■» 
and  shuts  off  the  deposit  for  a  time  from  the  joint-cavitv.     T\\m    J  "• 
thickened  patch  subsequently  becomes  infiltrated   with  tnberclcrs^  e> 
When  an  osseous  growth  of  tubercle  has  broken  into  a  joint  x^~~vx 
know  the  disease  is  at  first  confined  to  the  synovial  membranr-^^je, 
and   the   tubercular   layer  can  easily   be  scraped  off  without  Sr--.1-  if. 
rificing  the   ligaments  of  the  joint      Therefore,   when   the  d^KJtf* 
ease  has  not  spread  from  this  point,  all  that  may  be  nceessai 
to  remove  the  original    nodule  or  sequestrum  and  a  margin         of 
synovial  membrane  without  resecting  the  joint. 

If  the  tuberculous  nodule  communicates  freely  with  the  cav^rvjfe 
of  the  joint,    the   infection  of  synovial  membrane   rapidly  fc*  !■# 
place.     The  masses  of  miliary  tubercles  run  together  at  the  p* 
first  infected,  and  thence  spread  gradually  over  the  synovial  mem- 
braue,  which  soon  becomes  infiltrated  with  the  diseased  tissi 
some  cases  the  membrane  retains  its  continuity,  the  surface  is  wow 
and  smooth,   and  is  studded  with  tubejcle,  which,  however,  doe* 
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t&othave  a  tendency  to  disorganize  the  membrane.  When  there  is 
a.«a  exuberant  growth  of  vascular  tissue  there  may  be  an  extensive 
formation  of  granulations,  producing  the  so-called  il  fungous  "  type 
of  joint  disease. 

In  still  another  form  there  is  a  tendency  to  the  breaking  down 
of  the  tubercular  masses  and  to  the  formation  of  pus.     This  type 
i^more  frequently  seen  in  elderly  people,  and  the  prognosis  is  usu- 
ally unfavorable.     The  membrane  is  readily  perforated,  and  peri- 
articular abscesses  are  formed  which  may  or  may  not  communicate 
•^vith  the  joint  by  a  fistulous  opening.     As  a  result  of  the  entrance 
of  this  large  quantity  of  broken-down  material  into  the  joint  the 
cartilage  and  the  bones  are  generally  left  in  a  carious  condition. 
Instead  of  pus  there  may  occasionally  be  a  turbid  serum  in  the 
joint  which    may   be   slightly   hemorrhagic.      This    tuberculous 
hydrops  is,  however,  not  very  common. 

The  bone  type  of  joint  disease  is  the  commonest  form  of  the  two, 
and  it  is  found  chiefly  in  children,  whereas  the  ordinary  synovial 
tuberculosis  is  more  frequently  seen  in  adults.     It  seems  somewhat 
to  be  a  matter  of  chance  whether  the  joint  becomes  infected  with 
tubercle  from  the  bone,  or  whether  the  broken-down  products  may 
not  find  their  way  to  the  surface  without  involving  the  joint.     The 
cartilage  is  readily  affected  by  the   growth  of  granulation  tissue 
into  the  joint,  or  by  the  presence  of  pus,  owing  to  its  feeble  resist- 
ing power.     The  first  change  seen  is  the  spread  of  a  fibrous  vas- 
cular tissue  over  the  surface  of  the  cartilage,  the  so-called  "pan- 
nits1"  growth,  which  becomes  thinner  and  thinner  in  passing  from 
the  edge  of  the  synovial  membrane  or  from  the  opening  of  the 
tuberculous  fistula.      Subsequently  the  cartilage  softens,  loses  its 
bluish- white  color,  and  changes  to  a  fibro-cartilage,  and  later  to 
fibrous   tissue,    which   finally   becomes   infiltrated   with   tubercle. 
When  the  tuberculous  material  breaks  down  the  softened  cartilage 
may  be  washed  away,  and  the  so-called  ■ '  ulceration  of  the  cartilage  " 
is  produced. 

At  other  times  the  growth  of  the   tubercular  granulations   from 
the  subjacent  bone  is  so  exuberant  that  the  entire  cartilage  may  be 
-ected  off  the  head  of  the   bone.      This   result  is  occasionally 
seen  in  the  hip-joint,  where  the  cartilage  may  be  lifted  off  cap-like. 
In  the  primary  synovial  form  of  tubercular  disease  the  tubercu- 
lous infiltration  of  the  bone  is  usually  comparatively  superficial. 

A  peculiar  form  of  joint  disease,  described  by  Volkmanu  as 
caries  sicca^  occasionally  attacks  the  shoulder-joint,  but  it  may  also 
be  seen  in  other  joints.     It  is  characterized  by  a  growth  of  scanty, 
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tough,  and  feebly  vascular  granulations  from  the  synov 
brane,  which  growth  penetrates  the  cartilage  and  gradually 
into  and  destroys  large  portions  of  the  head  of  the  bone  wit 
the  formation  of  pus.  There  is  often  considerable  atropl 
remaining  portions  of  the  head  and  neck  of  the  bone.  The  t 
external  signs  of  tuberculous  disease  of  the  bone  are  of  co 
wanting.  It  is  most  frequently  seen  between  the  age  of  puh 
and  thirty  years.  It  runs  its  course  slowly  over  a  period 
two  years,  and  terminates  in  ankylosis  of  the  joint. 

Volkmanii  also  described  large  isolated  tubercular 
(sometimes  the  size  of  a  pigeon's  egg)  which  project  as  a  ped 
lated  tumor  into  the  joint.  The  fibrous  nodule  is  composed 
dense  tissue  which  contains  but  few  miliary  tubercles,  or,  agaii 
may  contain  numbers  of  tubercles  which  show  a  tendency  tobi 
down.  The  adjacent  synovial  membrane  is  at  first  unaffected, 
later  it  is  infiltrated  with  tubercle.  Volkmann  recommends 
these  cases  extirpation  of  the  nodule  with  temporary  drainag 
the  joint.  A  rare  form  of  polypoid  growth  in  the  joint  is  that 
tainiug  adipose  tissue.  It  may  grow  to  considerable  size,  an< 
Mirface  is  usually  studded  with  tubercle,  which  appears  to 
secondarily. 

In  some  cases  of  tuberculous  joint  disease,  particularly  th 
which  there  is  a  sero-fibrinous  effusion,  rice-bodies  are  fon 
large  numbers.  They  appear  to  consist  of  coagulated  fibri 
of  fatty  degenerated  cells.  They  are  not  always  associat 
tuberculosis,  but  it  is  found  in  certain  cases  that  the  synovi 
brane  is  infiltrated  with  tubercle.  In  many  cases  when 
bodies  are  first  removed  no  tubercular  disease  is  found,  but 
ease  may  appear  later.  Their  presence  in  the  joint,  therefj 
suspicious  circumstance.  The  exudation  of  fibrin  whic 
with  the  formation  of  tubercle  seems  to  be  connected  in 
with  their  growth.  As  in  the  sheaths  of  tendons,  they 
ever,  be  independent  of  tubercular  disease.  They  a 
found  in  joints  which  have  still  retained  their  motion, 
sometimes  be  felt  in  the  lateral  folds  of  a  joint,  and  the 
may  also  be  recognized  by  a  peculiar  crackling  seusatio: 
produced  in  compressing  snow. 

The  changes  in  the  soft  parts  connrctni  with  the  joi 
striking  in  this  disease.     The  capsules  and  the  surroj 
nective  tissue,  and  even  certain  structures  within  th 
are  transformed  into  a  gelatinous  mass.      So  charact 
appearance  that  it  was  given  the  name  ^gelatinous 
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imt"  by  Brodie.  Even  the  muscles  and  tendons  appear  to  be 
ibject  to  this  peculiar  change.  In  a  case  the  writer  remembers 
ting  the  muscular  tissue  of  the  entire  lower  third  of  the  thigh  was 
Fected.  In  some  joints  the  tendons  are  so  matted  together  by  this 
indition  of  the  tissues  that  motion  of  the  joint  is  seriously  impaired. 

According  to  Krause,  this  gelatinous  change  is  not  tuberculous  in 
laracter,  but  it  is  due  to  a  venous  stasis  resulting  from  the  increase 

the  contents  of  the  joint-capsule  and  the  extra-capsular  growth. 
5  the  result  of  the  consequent  oedema,  the  mucin,  which  normally 
:ists  in  the  tissue,  is  dissolved.  A  similar  development  of  mucous 
»sue  occurs,  according  to  Koster,  in  the  development  of  a 
yxoma.  There  is  found,  however,  a  similar  growth  of  gelatin- 
is  material  around  and  in  the  sheaths  of  infected  tendons  when 
3  such  obstruction  to  the  circulation  exists,  and  it  seems  prob- 
ble,  therefore,  that  the  peculiar  formation  seen  so  rarely  ill 
ther  forms  of  disease,  and  so  characteristic  of  tuberculosis 
f  the  joint,  must  be  the  result  of  chemical  changes  brought 
bout  directly  by  the  presence  of  the  bacilli  in  the  surrounding 
HTOC& 

The  inflammatory  reaction  may 
ittend  from  the  original  nodule  to 
te  periosteum,  and  it  may  produce 
i  abundant  growth  of  osteophytes 
bich  mark  the  limits  of  the  cari- 
is  ulceration  of  the  bone.  This 
ay  growth  is  analogous  to  the 
Uous  edges  so  often  seen  in 
ronic  ulcerations  of  the  skin  in 
e  lower  extremities.     (Fig.  8i). 

Among  the  numerous  patholog- 
il  changes  brought  about  during 
e  course  of  the  disease  are  those 
le  to  pressure  caused  by  the  sftas- 
•ydic  contraction  of  the  muscles. 
his  contraction,  which  is  due  to 
flex  irritation  of  the  nerves,  fur- 
ishes  one  of  the  most  marked  clinical  symptoms  of  the  disease. 
i  this  way  the  ulceration  of  the  cartilage  is  greatly  increased,  and 
.•en  the  carious  bone  is  absorbed,  and  the  spread  of  the  tubercular 
rocess  is  favored  by  the  pressure.  By  this  muscular  action  not 
nly  great  deformities  of  the  spine  are  brought  about,  but  joints 
also  dislocated  and  great  deformity  is  produced. 


FlG.  8 1.— Tuberculosis  of  the  End  uf  the 
Humerus,  showing  caries  of  the  articu- 
lar surface  and  osteophytes  due  to  inflam- 
mation of  the  periosteum  (Sp.  i3«>  | 
ren  Museum). 
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When  the  disease  takes  a  favorable  turn,  cure  may  be  broil 
about  by  the  absorption  of  the  tubercular  tissue  and  its  repl 
Stent  by  healthy  granulation  tissue.  Cicatricial  contraction  oc 
also  in  the  inflamed  periarticular  tissues.  This  contraction  bri 
about  an  impairment  of  motion  which  may  amount  to  false  ar 
losis.  In  many  cases  where  the  anatomical  structure  of  the  j 
is  fairly  well  preserved  there  is  a  diminution  in  the  area  of 
articular  cavity  by  the  formation  of  adhesions  and  the  oblitera 
of  some  of  the  synovial  pouches.  When  ossification  of  the  c 
tricial  tissue  occurs,  true  ankylosis  results. 

In    the   bones    the    tuberculous   masses— even    the    seqnest 
may  be  absorbed  and  be  replaced  by  healthy  bony  tissue.     Ch 
foci,  however,  may  remain  for  years  unabsorbed  without  shov 
signs   of  their  presence.     These  foci  are  often  discovered  du 
operations  for  correcting  deformity.     Such  a  condition   shows 
possibility  of  a  recurrence  of  the  disease  long  after  the  pa 
supposed  to  have  been  cured.     It  should  be   said,  how  a - 
these  nodules  tend  to  remain  local   in  the  majority  of  c 
that  it  is  only  after  an  unsuccessful  surgical  operation  that 
miliary  tuberculosis  is  more  likely  to  result.     Disturbances  in 
normal  growth  ol   the  bone  may  be  produced  by  the  irregular  \ 
sure  which  is  often   exerted  in   a  diseased  joint.      In  the  so-ca 
"dislocation  of  the  knee-joint  backward"   the  anterior  portioi 
the  condyles  of  the  femur  may  develop  more  rapidly  than  the 
terior  portions.     The  reduction  of  such  subluxations  is  prevei 
by  the  lateral  ligaments,  which  are  insufficiently  long  to 
the  tibia  being  placed  beneath   the  condyles. 

A  rare  occurrence  is  an  actual  elongation  of  the  shaft 
bone,  due  to  chronic  inflammatory  irritation.    Atrophy  of  the  h 
is  much  commoner.      The  fatty  tissue  in  the  cancellated  Sp 
the  bone  is  increased  in  quantity,  the  trabecular  become  thin: 
and  the  amount  of  medullary  tissue  in  the  epiph>  I  sfta 

increased,  while   the   cortical  bone  is  much   thin  net   than 
Not  only  is  there  rarefying  ostitis  in  the  interior  of  the  bone, 
its  dimensions  may  also  be  diminished,  the  bone  being 
thinner  than  its  fellow.     With  the  return  of  the  natural  ph 
ical  action  the  bone  regains  its  normal  strength  and  density,  bn 
will  probably  never  be  quite  so  large  as  it  would  have  been 
atrophy  had  not  occurred  before  it  reached  its  full  growth.     If  ( 
epiphyseal  line  is  prematurely  destroyed,  the  growth 
will  be  arrested,  and  then  the  future  use  of  the  limb  will  serious 
hi  unpaired. 


■vei 

: 


le  of  the  peculiarities  of  the  disease  in  individual  joints  may 

0OW  be  studied.    In  the  hip- joint,  in  the  greater  number  of  cases,  the 

disease  is  found  originally  in  the  bone,  but,  according  to  Cheyne,  it 

<joes  not  so  extensively  occur  there  as  authors  are  disposed  to  think. 

^\.t    all   events,  a  large  number  of  cases  are  examples  of  primary 

disease  of  the  synovial  membrane.     The  tubercular  deposits  more 

frequently  occur  in    the   acetabulum  than  in  the  femur.      In  the 

l3tter  case  they  are  seen   in  the  head  as  well  as  in  the  neck,  and 

even  in  the  trochanter.     The  farther  they  are  removed  from  the 

joint   the   less   likely  are   they  to  involve   it.      When  this   cavity 

becomes  affected  the  disease  spreads  from  the  point  of  reflection 

of  the  synovial  membrane  and  from  the  ligamentum  teres  over  the 

cartilage,     The  granulations  are  filled  with  miliary  tubercles,  and 

they  lie  on  the  surface  of  the  synovial  membrane  or  they  infiltrate 

•  its  substance.  The  fluid  in  the  joint  is  only  slightly  increased  and 
altered;  it  is  somewhat  turbid  and  is  streaked  with  pus  or  with  blood. 
At  times  the  fluid  may  be  distinctly  purulent.     The  ligamentum 

I  teres  as  the  disease  advances  is  attacked,  and  it  becomes  softened 
to  a  pulp.  The  bone  becomes  involved  first  at  the  edge  of  the  fold 
of  the  synovial  membrane.  The  tubercles  multiply  in  the  super- 
ficial layers  of  the  bone,  and  they  dissect  off  the  cartilage  at  several 
points,  giving  the  latter  a  sieve-like  appearance.  The  same  process 
goes  on  in  the  acetabulum,  and  in  well-marked  cases  of  the  dis- 
ease the  femoral  and  acetabular  cartilages  may  lie  completely  sepa- 
rated between  the  ends  of  the  bones.  Before  separation,  the  cartilage 
may  already  have  ulcerated  in  several  places,  particularly  where  the 
head  of  the  bone  and  the  acetabulum  press  against  each  other:  the 
effect  of  this  pressure  is  to  increase  the  amount  of  ulceration  of  the 
bone,  and  consequently  the  acetabulum  may  become  enlarged  by 
caries  at  this  portion  of  its  circumference.  In  the  mean  time  the 
capsule  of  the  joint  is  perforated  and  periarticular  abscesses  are 
formed.  These  abscesses  may  develop  without  perforation  of  the 
joint,  but  such  abscesses  are  comparatively  rare.  In  later  stages 
of  the  disease  the  tubercular  process,  after  destroying  the  liga- 
mentum teres,  attacks  its  point  of  insertion  in  the  acetabulum, 
awl,  the  bone  being  gradually  eaten  away,  an  accumulation  of 
pus  may  form  within  the  pelvis.  This  complication,  however, 
is  infrequent.  The  pus  in  different  cases  varies  greatly  in  amount, 
but  in  the  primary  synovial  form  of  the  disease  it  is  always  certain 
to  be  found. 

fn  caries  sicca  pus  is  not  formed,  but  this  type  of  the  disease 
rarely  attacks  the  hip-joint. 


536        SURGICAL    PATHOLOGY  AND    Tfii 


In  the  later  stages  of  the  disease  the  joint  looks  about  the  s^»» 
whether  it  was  originally  attacked  by  lite  synovial   or  the  oss^ 
form  of  the  disease.     At  this  time  absorption  of  the  bone  has  L^i 
place.     The  head  of  the  femur  is  partly  destroyed  by  i  ^  , 

bony  structure  is  so  softened  by  rarefying  ostitis  that  when  pt-^^. 
against  the  acetabulum  more  or  less  absorption  of  the  bone  o^ 
This  process  is  described  by  Volkmaun  as  "ulcerating  death  i  - 
There  is  also,  from  the  same  cause,  an  enlargement  in  the  diang 
of  the  acetabulum,  due  to  pressure  of  the  head  of  the  femur 
the  protecting  cartilage  has  been  destroyed.    As  this  pressure  o 
with  the  limb  in  a  state  of  adduction  and  flexion,  the  tul 
of  the  cavity  takes  place  chiefly  in  the  posterior  and  upper  margins 
of  the  acetabulum.     This  condition  is  known  as  the  wandet 
acetabulum.     As  the  head  of  the  femur  is  also  greatly  atrophia* 
its  displacement  from  the  original  portion  is  therefore  considerate* 
and  the  resemblance  to  a  dislocation  is  consequently  very  clo^** 
This  displacement  in  many  cases  is  a  cause  of  shortening  of  -«^c 
limb,     In  other  cases  the  capsule  and  the  ligament!  \  to^^ 

distention  of  the  joint  by  fluid  and  to  the  relaxation  of  the  li^Sa" 
merits,  are  unable  to  withstand  the  action  of  the  muscles,  and  e^^^e 
head  of  the  bone  is  forced  completely  out  of  the  socket,  Dr  it  re-^ 
upon  the  edge  of  the  socket  so  that  a  deep  groove  is  worn  in 
articular  surface.     The  displacements  occur  very  gradually;   W* 
relaxed  ligaments  permit  motion  in  various  directions;  the  jo  -^Dint 
"wabbles,*'   and  a  slight  accident  may  therefore  result  in  a  ±w 
den  dislocation  of  the  bone. 

The  amount  of  destruction   of  bone  tissue  is  sometimes  eir: — jot- 
mons.     The  head  and  neck,  and  even  a  portion  of  the  shaft,  of        iht 
femur  may  be  destroyed.      In  such  cases  the  shortening  and  - 
placement  of  the  limb  are  so  great  as  seriously  to  impair  it*  *m 
fulness.     After  the  disease  has  once  fully  developed  there 
probability  of  a  cure  without  ankylosis,  as  the  structures  of    the 
joint  have  been  destroyed  before  the  tubercular  virus  has  \^rrB 
thoroughly  eliminated  by  suppuration.     In  some  of   these  case 
tubercular   nodules  may   remain   unabsorbed    after   the   di>- 
supposed  to  have  been  cured.     Bradford  reports  tetanus  occiirrjiijj 
in  B  case  of  cured  hip  disease,  and  at  the  autopsy  there  vss 
a  large  tubercular  focus,  which   was  the  only  source  to  which  the 
tetanus  could  be  assigned. 

In  the  knee-joint  at   the  period  of  life  when   the  disease  is  most 
common — namely,   in  childhood — the  origin  of  the  diseas. 
frequent  in  the  bone  as  in  the  synovial  membrane:  as  age  advances 
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m  is  more  common,  and  the  frequency  of  sequestra  in 
le  makes  the  disease  more  obstinate  (Cheyne).  In  old  peo- 
je-shaped  sequestra  are  often  seen  after  injuries.     When 

IX  nodules  are  found  in  the  bones  the   internal  condyle  of 

X  is  the  point  most  frequently  attacked,  but  these  nodules 
found  also  in  the  epiphysis  of  the  tibia. 

r  a/bus,  or  white  swelling — which  term  is  applied  chiefly 
e  in  the  knee-joint — is  due  to  the  formation  of  granulation 
the  joint,  to  the  gelatinous  change  in  the  tissue  about  the 
id  to  the  enlargement  of  the  ends  of  the  bone.  The 
eous  atrophy  of  the  muscles  of  the  limb  serves  to  make 
ling  more  prominent.  The  whiteness  of  the  skin  is  due 
isence  of  all  inflammation  in  the  integuments  in  the  early 
the  disease.  The  development  of  tumor  albus  is  ascribed 
"  to  the  frequent  use  of  the  knee-joint  by  a  patient  who  has 
eceived  treatment.  He  thinks  the  thickening  of  the  para- 
tissue  is  due  to  the  irritation  brought  about  by  frequent 
The  minute  tuberculous  changes  which  occur  in  the  joint 
aady  been  sufficiently  described.  In  no  joint  can  the  spread 
bercular  tissue  and  its  destructive  effect  upon  the  cartilages 
'  observed  than  in  the.  knee.  Occasionally  the  amount  of 
,ed  is  considerable,  and,  as  it  may  not  perforate  the  capsule, 
ds  the  joint,  giving  a  sense  of  fluctuation  like  that  of 
This  condition  has  been  called  "cold  abscess  of  the 
It  is  not,  however,  a  frequent  complication.  On  opening 
n  well-advanced  stages  of  the  disease  there  is  found  more 
:han  might  be  supposed  to  exist  from  the  clinical  symp- 
rhe  ulceration  of  the  cartilages  is  well  advanced  and  the 
membrane  is  infiltrated  with  tubercle.  Several  periartic- 
:esses  are  usually  disclosed  by  the  incision,  and  they  may 
iot  communicate  with  the  joint.  It  is  rare  to  find  a  case 
lere  is  not  considerable  disease  also  of  the  bone. 
e  early  stage  of  the  disease  there  is  flexion  of  the  knec- 
m  muscular  contraction.  This  flexion  brings  the  head  of 
in  contact  with  the  posterior  aspect  of  the  condyles  of  the 
The  pressure  of  the  bones  favors  ulcerative  decubitus  of 
lage  and  bone  at  these  points.  As  the  result  of  the  absorp- 
tie  bone,  which  is  thus  brought  about,  the  head  of  the  tibia 
:k\vard  over  the  femur.  This  displacement  is  of  course 
by  the  relaxation  of  the  diseased  capsule:  it  is  not  caused 
)>*  muscular  contraction,  but  is  due  in  part  to  the  cicatri- 
tractiou  of  the  diseased  and  atrophied  tissues  behind  the 
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joint.  In  addition  to  flexion  there  is  also  a  certain  amount  of 
external  rotation  of  the  leg  upon  the  thigh,  which  rotation  appears 
to  be  produced  by  the  position  of  the  contracted  limb  upon  the  bed. 

The  shoulder-joint  is  not  a  very  frequent  seat  of  tubcrcn 
when  the  latter  does  occur,  it  is  found  chiefly  in  adult  life.  Pri- 
mary synovial  disease  of  the  shoulder-joint  is  rare.  In  fungous 
tuberculosis  of  the  joint  with  suppuration  there  is  generally  found 
a  primary  deposit  in  the  end  of  the  humerus.  The  greater  tuberos- 
ity is  the  most  frequent  seat  of  such  a  nodule,  but  the  head  of  the 
bone  may  also  be  affected.  Disease  of  the  neck  of  the  scapula  is 
uncommon. 

The  wedge-shaped  infarction  is  a  type  of  the  disease  not  infre- 
quently found  in  the  head  of  the  humerus.  These  nodules  may 
remain  some  time  without  causing  suppuration. 


ed  from 
that  be      ' 


Krause  reports  a  case  of  a  man,  forty  years  of  age,  who  suffered 
rheumatic  pains  in  the  left  shoulder.    The  pain  had  been  re 

had  been  unable  for  three  months  to  use  his  shoulder,  in  the  external  appear- 
ance  of  which  there  was  little  change  beyond  a  slight  emaciation. 
was,  however,  marked  pain   on  pressure  over  the  lesser  tuberosity.      \r 
exploratory  incision  disclosed  a  large  tuberculous  nodule  in  the  head  of  th»4 
bone,  which  was  accordingly  resected. 

As  the  disease  progresses  the  localized  pain  becomes  more  marke 
and  the  patient  instinctively  holds  the  arm  at  rest;  the  contoured 
the  joint  becomes  enlarged,  and  the  natural  depressions  in 
and  behind  the  joint  disappear.     Large  cold  abscesses  may  aeco»^ 
pany  the  disease  in  its  later  stages.     They  follow  the  route  of  L^ 
intermuscular  spaces. 

The  most  interesting  form  of  disease  of  the  shoulder-joints 
caries  sicca,  which  has  already  been  described.     The  small  amo  -^,„., 
of  granulation    tissue  which  develops  at  any  one  time   and         ti 
chronic  course  of  the  infection  are  peculiarities  that  cause  the 
ease  to  pass  unrecognized.     There  is  great  atrophy  of  the  musc- 
surroundings  of  the  joint,  and  the  head  of  the  bone  gradual 
away  and  disappears.     There  is  no  suppurative  inflammation,  artf 
in  fact,  no  sign  of  inflammatory  change.    The  shoulder  is  stiff  a^ 
the  arm  is  held  close  to  the  side.     The  pain  is  usually  severe  attd 
radiates  down  the  arm,  it  being  often  mistaken  for  rheun 
The  deltoid  prominence  disappears  and  the  coracoid  prot 
comes  unusually  prominent,  the  condition  sometimes  closely  resen 
bling  a  dislocation.     The  writer  has  seen  several  of  these 
mostly  in  young   children,  and   they  usually  terminate  in  bony 
ankylosis. 
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Tuberculosis  of  the  elbow-joint  may  occur  spontaneously  or  as 

Le   result  of  slight  injuries,  particularly  in  children.     According 
t.o    Billroth's  statistics,  of  1996  cases  of  caries  of  the  bones,  there 
xVere  93  cases  of  disease  of  the  elbow  and  239  cases  of  disease  of 
e  knee-joint;  in  198  cases  the  hip,  in  150  cases  the  ankle,  in  41 
the  wrist,  and  in  28  cases  the  shoulder,  were  affected.    Accord- 
log  to  Billroth,  disease  of  the  elbow  holds  the  fourth  place  in  point 
of  frequency. 

The  disease  more  frequently  begins  in  the  bone,  a  favorite  spot 
being  the  spongy  tissue  of  the  olecranon.     Vol k man  11  describes 
such   a   case  where   pus  was   discharged   both    into  the  joint  and 
externally.     The  removal  of  the  sequestrum,  with  thorough  curet- 
ting of  the  bone,  was  followed  by  a  restoration  of  the  functions 
of  the  joint.     Nodules  may  also  develop  in  the  epiphysis  of  the 
humerus,  but  they  rarely  occur  in  the  radius.     In  certain  cases  the 
•vial  membrane  may  first  be  affected,  and  the  bones  will  be 
tacked  when  the  disease  spreads  to  the  point  of  insertion  of  the 
membrane  in  the  articular  ends  of  the  bone.     Suppuration  is  usu- 
ally slight.    When  the  bones  are  affected  the  presence  of  the  nodule 
ill  be  indicated  by  localized  pain  and  by  some  enlargement  of  the 
ne.    If  the  synovial  membrane  is  first  attacked,  an  elastic  swelling 
lly  shows  itself  between  the  head  of  the  radius  and  the  olecra- 
o.     The  movements  of  the  joint  are  impaired  early,  as  indicated 
f  inability  to  extend  fully  the  arm. 

As  the  joint  gradually  becomes  disorganized  the   surrounding 
ssues  are  swollen,  and  they  undergo  the  characteristic  gelatinous 
changes,  and  in  extreme  cases  there  is  a  well-marked  tumor  albus 
with  the  spindle-shaped  swelling.      As  pus  forms  numerous  sinuses 
open,  and  the  tuberculosis  may  eventually  extend  even  to  the  skin, 
tld  persons  and  in  those  who  have  been  treated  unsuccessfully 
-oiue  operative  procedure  the  disease  of  the  soft  parts  may  be- 
come very  extensive,  necessitating  amputation. 

Tht prognosis  in  tubercular  disease  of  the  elbow  is  not  favorable 

for  the  re-establishment  of  motion  unless  the  affection  is  treated  at 

a  very  early  stage.     This  joint  is  so  complicated  that  the  disease 

►Ives  a  large  and  a  comparatively  widespread  surface  of  synovial 

membrane  before  its  presence  is  discovered  f  Bradford :. 

In  studying  the  din  tea!  symptoms   the  point  of  origin   in   the 

bones  must  be  sought  for  chiefly  in  the  early  stages  of  the  disease. 

t  period  during  which  the  morbid  process  remains  confined  to 

leboue  is  often  a  long  one.     In  some  rare  cases  several  years  may 

elapse  before  the  disease  advances  beyond  this  stage.     It  will  read- 
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jy  be  seen  that  the  beginning  of  the  affection  is  very  gradual  and 
isidious.  The  patient  experiences  an  inability  to  use  the  joint, 
ind  there  is  some  slight  stiffness.  If  one  of  the  joints  of  the  lower 
lextremity  is  affected,  there  will  be  slight  lameness.  If  it  is  a  super- 
f  6cial  joint,  such  as  the  knee-  or  the  elbow-joint,  there  may  be  slight 
swelling  of  some  portion  of  the  bone,  pressure  upon  which  gives 
rise  to  pain.  As  these  nodules  enlarge  pus  may  form  and  a  frag- 
ment of  the  bone  with  pus  may  be  discharged.  The  adjacent  joint 
may  at  this  time  suffer  from  non-tubercular  synovitis  due  to  its 
proximity  to  the  tubercular  inflammation.  As  the  result  of  such 
changes  there  is  an  enlargement  of  the  joint.  The  anatomical 
outlines  disappear  and  the  joint  may  assume  a  more  or  less  spindle 
shape.  The  veins  are  more  or  less  injected,  and  the  skin  becomes 
somewhat  thin  and  shiny  like  the  top  of  a  bald  head  (Krause).  The 
enlargement  of  the  joint  is  emphasized  by  atrophy  of  the  muscle. 
In  tumor  albus  of  the  knee  the  muscles  of  the  thigh  and  the  calf 
are  affected  in  this  way.  The  adipose  tissue  is  largely  absorbed^ 
and  even  the  skin  in  some  cases  seems  thinner  than  normal.  M 
urements  of  the  limb  will  show  a  diminution  in  its  circumference- 
at  an  early  stage.  In  the  later  stages  of  the  disease  the  mnsclf 
may  undergo  degeneration  and  absorption  of  the  contractile  sti*^^. 
stance. 

.Muscular  fixation  is  a  symptom  of  nearly  all  forms  of  tubercuF"      . 
joint  disease.    The  joint  is  usually  flexed  or  adducted,  and  is  nic^, 
or  less  rigidly  held  in  that  position.    This  abnormal  position  of  ft        , 
joint  has  been  attributed  to  distention  with  fluids,  it  being  ""FT"^^^,, 
that  the  flexed  position  gives  the  most  room  for  fluid;  but  the  f^Bjj 
ion  is  undoubtedly  due  to  muscular  spasm  from  reflex  irritat    -^0 
In   hip  disease  spasm   is  one  of  the  earliest  symptoms,  and  it       t^ 
been  said  that  there  can  be  no  disease  present  if  there  is  no  Fir* 
tion  in  the  motion  of  the  joint.     When  the  joint  is  more  or   j^ 
disorganized  this  contraction  of  the  muscles  may  lead,  as  has  b^ 
seen,  to  subluxation. 

Pain  is  a  prominent  symptom  of  joint  disease*  although  ocr*, 
sionally  it  may  entirely  be  wanting.     Reference  has  already  beta 
made  to  rheumatic  pains  accompanying  caries  sicca  in  the  shoulder, 
joint,  there  being  frequently  a  painful  point  anterior  and  a 
to  the  coracoid  process.    In  hip  disease  the  pain  is  almost  in  . 
situated  in  the  knee,  and  there  is  great  sensitiveness  to  jarring  of 
the  limb.      There  is  an  unconscious  protection  of  the  joint  tu  the 
movements  of  the  patient.     The  reference  of  pain  to  the  knee  1 
attributed  by  Bradford  and  others  to  the  intimate  relations  and  an- 
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moses  of  the  sciatic,  obturator,  and  anterior  crural  nerves. 
ording  to  Sayre,  the  pain  is  the  result  of  the  struggle  between 
adductor  muscles  aud  the  distended  capsule.  The  so-called 
ght-cries"  which  occur  in  the  early  stages  of  hip  disease, 
more  rarely  in  knee-joint  disease,  are  described  by  patients 
:aused  by  an  extremely  sharp  and  severe  pain  suddenly  intcr- 
ling  sleep,  and  leaving  an  ill-defined  sense  of  aching  in  the 
^h  and  hip  as  if  the  hip  had  sustained  a  blow. 

e  next  important  point  of  tenderness  on  pressure  lies  in 
groin  just  external  to  the  femoral  vessels.  Tenderness  is 
;ed  in  the  knee  on  the  inner  surface  of  the  head  of  the  tibia. 
is  not,  however,  severe  in  the  knee  except  in  acute  exacerba- 
The  anterior  and  lateral  portions  of  the  ankle-joint  are  the 
!erest  spots.  Pain  on  pressure  is  felt  at  the  elbow-joint  over 
head  of  the  radius  and  the  neighboring  part  of  the  capsule. 
1  in  Pott's  disease  is  generally  referred  to  the  back  of  the 
I,  the  shoulders,  the  chest,  and  the  abdomen.  In  the  latter 
the  child  usually  complains  of  u  stomach-ache.11  Tenderness 
ressure  over  the  spine  is  not  a  symptom  of  this  disease. 
[eat  is  a  symptom  that  can  be  relied  upon  in  certain  stages  of 
lsc  or  in  certain  joints.  In  the  knee  when  the  disease  is  well 
loped  heat  is  usually  present,  especially  if  any  exacerbation 
place. 

ere  is  usually  little  if  any  febrile  disturbance  during  the  early 

of  the  disease  and  while  it  is  confined  to  the  bone  or  join t. 

when  a  cold  abscess  is  present  the  rise  of  temperature  is  only 

varying  from  1  to  2°  F.     Fever  may  occur,  however,  if  pul- 

tuberculosis  supervenes  or  if  there  is  tuberculosis  of  the 

nal  canal  or  basilar  meningitis.     In  cases  of  miliary  tubercu- 

here  may  be  considerable  fever,  aud  it  may  be  of  the  con* 

type.      There  is  great  exacerbation  of  both  local  and  consti- 

1  symptoms  when  a  cold  abscess  breaks.     The  joint  swells, 

in  is  reddened,  and  the  discharge  assumes  the  character  of  a 

graonous  suppuration.     There   is  high   fever,   and   generally 

\  is  increased  emaciation.     These  changes  are  due  to  a  mixed 

ion  with  pyogenic  cocci.    Eventually  this  fever  is  of  the  hectic 

consisting  of  an  evening  rise  of  temperature,  with  a  return  to 

ormal  in  the  morning.     Pronounced  anaemia  is  regarded  by 

as  an  unfavorable  symptom  in  different  forms  uf  tuberculosis, 

t  is  an  indication  that  generalization  of  the  tuberculous  virus 

taken  place. 

lure  may  take  place  spontaneously  even   in   most  aggravated 
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cases,  but  generally  with  ankylosis  or  deformity.      Even  a 
of  considerable  size  may  be  absorbed. 

A  fair  amount  of  motion  often  remains  in  some  joints  after 
recovery,  a  portion  only  of  the  joint  having  been  destroyed  by  the 
disease.     It  is  not  uncommon  for  relapses  to  occur  several  years 
after  apparent  cure  has  taken  place,  the  new  infection  being  derived 
from  the  cheesy  material  remaining  imprisoued  in  the  cicatricial 
tissue.     In  unfavorable  cases  there  is  apt  to  be  found  albuminuria, 
which  is  usually  caused  by  the  presence  of  amyloid  degeneration 
of  the  kidneys.      These  changes  are  probably  brought  about  by 
chemical  substances  which  are  taken  up  into  the  lymphatic 
tern,  and  occasionally  the  lymphatic  glands  are  seen  thus  affected 
Although  the  statement  is   made  that  such  degeneration  perm 
nently  destroys  the  function  of  tissues  or  the  organs  thus  affected^ 
it  is    possible    that  after  cure  of  the  joint  has  taken   place  th 
amyloid  degeneration  may  disappear.     In  a  case  of  tuberculosis  <> 
the  neck  and  trochanter  of  the  femur  of  several  years'  dura 
followed  by  purulent  synovitis  of  the  knee-joint,   there  w 
deuce  of  an  amyloid  degeneration  of  the  kidneys  and  spleen  ar^ 
some  enlargement  of  the  liver,  the  signs  of  which  degentT.n  i* 
disappeared  after  a  successful  amputation  of  the  hip-joint     Pulir-  ^. 
nary  tuberculosis  may  occur  as  a  complication,  particularly  in  cc^^^ 
nection  with  caries  of  the  carpus.     Children  are  more  likely  to 
affected  with  miliary  tuberculosis  in  unfavorable  cases,  especia^^jj 
after  operations  have  been  performed. 

From  what  has  been  said  about  the  pathology  of  tuberculi 
of  bones  and  joints   it  will  be  gathered    that  all   the   affec 
hitherto  known  as  caries  of  the  joints,  scrofulous  disease,  gela.  ^/„ 
ous  disease,  fungous  or  strumous  affections,  spina  ventosa,  etc.    ^. 
almost  without  exception,  forms  of  tuberculosis.     As  the  c 
condition  marked  by  anaemia,  emaciation,  and  hectic  fever  cfocy 
not  develop  until  the  later  stages  of  the  disease,  the  student  tuiist 
not  be  led  into   supposing  that  a  good  general   condition  of  th( 
patient  precludes  the  diagnosis  of  tubercular  disease;  for  a  uodu/e 
may  remain  for  a  long  time  concealed  in  the  cancellated  tissue  of 
the  bone  without  producing  any  constitutional  disturbance  v, 
ever.     There  are  a  number  of  other  forms  of  infectious  bonedis- 
ease,  which,  however,  begin,  as  a  rule,  as  acute   infections,  and 
which  subsequently  become  chronic.     The  most  frequent  of  the* 
infections  is  acute  osteomyelitis y  which  may  often  lead  to  suppnn- 
tion  of  the  joint  and  to  destruction  of  the  articular  cart  Toil 

affection  begins  as  a  very  acute  inflammation  of  the  bone,  and  fir- 


^qncntly  with  profound  constitutional  disturbance.     After  necrosis 

jias  taken  place  and  the  abscess  has  broken  and  fistulous  openings 

Jaave  fanned,  the  acute  stage  passes  away  and  the  patient  is  left  with 

chronic  suppuration  of  the  bone.     This  condition  is,  however,  read- 

listinguished  from  tuberculosis,  as  the  inflammation  involves 

the  shaft  of  the  bone  instead  of  the  epiphysis.     The  previous  his- 

of  the  case  and  the  presence  in  the  shaft  of  a  large  sequestrum 

vhich  has  the  shape  of  the  original  bone  will  enable  one  to  make 

the  diagnosis  of  osteomyelitis  in  most  cases.     The  appearance  of 

the  fistulous  openings  will  also  be  a  guide,  for  in  this  form  of  bone 

I  disease  the  tubercular  granulations  are  absent.    In  those  rarer  forms 
of  osteomyelitis  found  in  the  epiphyses  of  the  bones  the  difficulty 
of  diagnosis  is  greater.      An  effort  should  be  made  in  such  cases  to 
demonstrate  the  presence  of  tubercle  bacilli,  although  their  absence 
will  not  definitely  settle  the  point,  as  they  are  difficult  to  find  even 
in  well-marked   types  of  osseous    tuberculosis.     The   tubercular 
sequestra  are,  as  a  rule,  smaller  and  more  irregular  and  are  rilled 
with  cheesy  material.     Many  forms  of  syphilis  of  the  bones  are  not 
readily  distinguished  from  tuberculous  disease.      There  is  not  the 
me  tendency  to  suppuration  in  syphilis,  and  the  disease  usually 
ects  certain  localities.     Syphilitic  caries  of  the  bones  of  the  cra- 
ium  is  usually  very  extensive,  and  it  often  runs  its  course  without 
suppuration.     It  is  so  typical  a  form  of  the  disease  that  when  once 
seen  it  is  not  likely  to  be  mistaken  for  anything  else.     There  is 
sometimes  a  tendency  to  the  formation  of  sequestra.     The  writer 
has  seen  extensive  disease  of  this  kind  in  the  frontal  bone,  but  in 
such  cases   the  history  points  so  distinctly  to  a  syphilitic  origin 
that  a  mistake  in  diagnosis  is  not  likely  to  be  made.      When  sup- 
puration does  take  place  the  pyogenic  membrane  is  tough,  and  it 
cannot  be  scraped  off  the  subjacent  tissue,  whereas  in  tuberculosis 
the  membrane  is  removed  with  great  ease.     A  syphilitic  gumma 
may  sometimes  form  in  the  capsule,  and  may  closely  resemble  an 
isolated   tubercular   nodule.     These  cases  will  of  course  yield  to 
treatment  with  iodide  of  potassium. 

(Static  inflammations  of  the  joints  occasionally  occur  as 
complications  of  acute  exanthemata,  a  portion  of  which  inflam- 
tions  are  the  result  of  septic  or  pyemic  infection,  and  a  cer- 
tain number  of  them  are  cases  of  tuberculous  infection  which  has 
developed  during  the  favorable  conditions  offered  by  the  diseased 
state  of  the  system.  Volkmann  suggests  that  some  of  them  may 
be  due  to  the  action  of  the  virus  of  the  exanthema. 

Serous  effusion  into  the  knee-joint,  hydrops  articuli^  or   "  waXex 
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on  the  knee,"  occasionally  assumes  a  type  which  i 
possibility  of  tuberculosis.  There  is,  in  such  cases,  a  so-c 
"arthritic  atrophy"  of  the  muscles,  with  impairment  of 
nutrition  of  the  limb  that  is  suggestive  of  organic  disease 
careful  examination,  however,  will  clearly  show  the  tnie 
of  affairs.  The  u  fluctuation "  of  the  patella,  the  abseuc 
pain  on  pressure  or  of  grating  of  the  joint  or  of  any  intlltr, 
of  the  soft  parts,  are  sufficiently  characteristic  symptoms  of 
affection.  Neuralgic  or  hysterical  joints  often  disable  persons 
have  sustained  a  slight  injury,  and  they  cause  much  anxiety. 
examination  in  these  cases  shows  an  absence  of  all  patliolo 
changes.  The  shifting  character  of  the  pain  and  the  present 
nervous  or  hysterical  symptoms  will  aid  in  the  diagnosis,  i 
symptoms  yield  readily  to  massage. 

hritis  deformans  occurs  chiefly  in  elderly  people.     The 
racteristic  changes  in  the  bone  are  so  pronounced  that  a  mi 
diagnosis  is  not  likely  to  be  made.     The  changes  in  the  soft  ] 
are  much  less  marked  than  in  tuberculosis. 

Periostea/  sarcoma  may  sometimes  be  mistaken  for  tuberc 
disease.  The  writer  lias  opened  a  supposed  tuberculous  knee- 
to  find  sarcoma  of  the  femur.  Myeloid  sarcomata  are  usually  fi 
in  well-recognized  spots,  such  as  the  head  of  the  tibia,  or  I 
rarely  in  the  condyles  of  the  femur  and  in  the  carpal  extr- 
the  radius. 

In  the  advanced  stage  of  tuberculosis  the  disorganization 
cartilages  or  the  capsule  enables  one  to  obtain  crepitus  by- 
lateral  rubbing  of  the  articular  surfaces  against  one  anol 
Even  when  crepitus  cannot  be  obtained  the  abnormal  mob 
of  the  joint  is  a  suggestive  symptom. 

The  prognosis  of  these  diseases  is  far  more  favorable  in  chi/c 
than  in  adults,  and  in  estimating  the  value  of  any  special  mode 
treatment  it  is  important  to  bear  this  fact  in  mind.      It  should 
be  forgotten  also  that  the  severest  types  of  bone-and-joint  disc 
may  heal  spontaneously,  as  the  conditions  for  limiting  and 
quently  for  absorbing  the  tuberculous  foci  are  more  favorable 
bone  than  in  the  internal  organs;  as,  for  instance,  the  lungs. 
the  former  case  the  disease  is  shut  in  at  first  by  a  denst 
bone  or  by  the  tough  envelope  of  a  joint  capsule;  in  the  latter  < 
the  infective  products  of  the  disease  spread  over  the  mucous  mi 
branes  for  a  long  distance  before  they  are  expelled,  and  in  I 
the  disease  is  readily  generalized.    This  localization  is  more  mar 
in  children.     A  diffuse  suppuration  of  the  car]  of  the  Uw 
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is  rare  at  this  period  of  life,  and  a  minor  operation  usually  suffices 
for  the  cure  of  the  affection.  Caries  of  the  wrist  in  adults  is  almost 
always  followed  by  pulmonary  tuberculosis.  Resection  of  the  ankle- 
joint  for  the  disease  in  adult  life  is  generally  considered  a  useless 
operation,  and  amputation  is  practically  the  only  resource  in  tuber- 
culosis of  the  carpus  and  tarsus  at  this  age. 

The  statistics  of  this  disease  do  not  show  a  very  large  percent- 
age of  cures.  Billroth  estimates  the  mortality  of  cases  observed 
by  him  during  a  period  of  sixteen  years  to  be  27  per  cent. ;  Koenig 

k  records  a  mortality  of  16  per  cent,  in  177  operations  extending  over 
a  period  of  four  years.  Even  if  a  local  tuberculosis  is  successfully 
removed,  it  does  not  prevent  the  possibility  of  a  later  infection  of 

I  the  lungs  or  other  organs,  as  the  susceptibility  of  the  individual 
still  exists.  It  will  remove,  however,  the  danger  of  miliary  tuber- 
culosis starting  from  this  point.  A  local  return  shows  that  the 
operation  has  not  thoroughly  been  performed. 
It  is  important  to  remember  that  even  when  the  original  focus 
has  been  removed  the  secondary  abscesses  and  sinuses,  if  allowed 
to  remain,  are  equally  a  great  source  of  danger.  In  adults  these 
secondary  complications  are  even  more  dangerous  than  the  original 
affection. 
The  difference  in  the  prognosis  in  the  diseases  of  different  joints 
is  very  great  The  destructive  processes  which  proceed  in  the  hip- 
»  joint  are  more  extensive  and  are  more  likely  to  be  followed  by  sup- 
puration than  those  that  take  place  in  the  knee,  where  a  tendency 
to  cicatrization  often  sets  in  early.  In  the  most  favorable  cases  it 
is  unsafe  to  promise  a  cure  in  less  than  two  or  three  years,  and  it 
sliould  be  borne  in  mind  that  there  is  always  danger  of  a  relapse 
even  after  several  years  of  health. 

The  constitutional  treatment  of  tuberculous  disease  of  the  bones 
and  joints  differs  little  from  that  employed  for  other  forms  of  tuber- 
culous disease.     The  great  majority  of  the  patients  afflicted  with 
tlats  form  of  tuberculosis  are  unable  to  avail  themselves  fully  of 
one  important   feature   of  the   treatment,  which   consists   in  the 
selection  of  a  suitable  climate  or  of  suitable  surroundings.      In 
European  countries  great  importance  is  attached  to  a  sea  climate, 
many  of  the  largest  cities  being  situated   in  the  interior  of  the 
continent.     The  important  point  to  be  obtained  in  most  cases  is 
a   liberal  supply  of  healthful  air.     A  country  life  is  therefore,  as 
a  rule,   most  favorable  for  a  tuberculous  patient,   particularly  a 
child,  if  the  patient  is  not   thereby  deprived  of  too  many   home 
comforts.     A  liberal  supply  of  fresh  milk  and  eggs  \s  one  eft  ,3ms 
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of  time.  This  treatment  is  more  applicable  to  the  knee  than  any 
other  joint,  but  it  is  employed  also  in  disease  of  the  hip,  the  ankle, 
and  the  wrist,  and  more  rarely  in  disease  in  the  elbow;  in  the 
shoulder-joint  it  can  be  of  little  use.  The  advantages  of  the  plas- 
ter jacket  in  Pott's  disease  are  great,  and  its  cheapness  makes  it  a 
useful  substitute  for  apparatus  when  expense  is  a  matter  to  be 

»  considered. 
Another  important  element  in  the  treatment  of  joint  disease  is 
extension,  which  is  employed  to  overcome  the  spasmodic  action  of 
the  muscles  by  which  the  pressure  of  the  inflamed  bones  upon  one 
another  is  increased.  This  increase  of  pressure  not  only  favors  the 
spread  of  the  tuberculous  disease,  but  produces  in  many  cases  also, 
as  has  already  been  seen,  an  absorption  of  the  bone  (ulcerative  de- 
cubitus), which  adds  greatly  to  the  deformity.  Extension  at  one 
time  was  supposed  to  separate  the  diseased  bones,  but  experiment 
has  shown  that  the  actual  separation  that  occurs  is  but  slight  and 
under  conditions  which  do  not  exist  clinically.  This  mode  of 
treatment  is  more  applicable  to  the  hip  and  knee  than  to  any  other 
joints,  and  it  prevents  or  corrects  flexion  or  abduction  or  subluxa- 
tion, besides  relieving  many  of  the  symptoms  of  inflammation. 
Those  forms  of  extension  apparatus  which  oblige  the  patient  to  lie 
in  bed  are  suitable  only  when  the  symptoms  partake  of  an  acute 
type,  but  for  the  more  chronic  forms  the  traction  splints,  such  as 
have  been  devised  by  Say  re  and  Taylor,  are  to  be  preferred,  as  they 
permit  locomotion.     In  the  later  stages  of  the  disease,  particularly 

I  of  the  hip  and  knee,  traction  may  be  replaced  by  protection. 
Protection  is  obtained  by  the  use  of  crutches  and  by  a  high  sole 
on  the  opposite  foot,  so  that  the  diseased  limb  may  swing  clear  of 
the  ground  during  locomotion,  or  by  means  of  the  so-called  u  peri- 
neal crotch,"  an  apparatus  which  may  be  worn  beneath  the  cloth- 
ing for  the  support  of  the  limb.  The  support  should  be  continued 
for  a  considerable  space  of  time  after  all  active  symptoms  have  dis- 
appeared. 

The  malposition  occurring  in  the  knee-joint  must  be  overcome 

fc>y-  extension  or  by  forcible  reduction  by  flexion.     If  the  joint  does 

not  yield  to   extension  by  weight-and-pulley  in  bed,   the  patient 

i  ould  be  etherized  and  sufficient  force  be  exerted  to  straighten  the 

limb.     Occasionally  there  will  have  been  so  much  muscular  con- 

traction  that  many  of  the  tendons  near  the  popliteal  space  must  be 

I  divided  before  the  limb  can  be  straightened.  After  straightening 
lias  been  accomplished  it  is  advisable  to  keep  the  limb  in  a  stiff 
bandage  or  in  some  form  of  apparatus  to  prevent  a  return  of  tli« 
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deformity.  Bony  ankylosis  in  an  unfavorable  position  ca 
relieved  only  by  osteotomy.  Malposition  from  ankylosis  c* 
occasionally  in  hip  disease,  but  an  excellent  result  may  tx 
tained  by  cutting  the  femur  just  below  the  trochanters  or  thr 
the  neck,  thus  making  it  possible  to  straighten  the  limb. 

In  the  knee-joint  the  patella  is  occasionally  ankylosed  t 
femur.  If  the  patella  offers  an  obstacle  to  the  correction 
deformity,  it  may  be  separated  from  its  attachment  to  the  boi 
the  chisel. 

The  treatment  of  cold  abscess  has  varied  greatly  during 
years,     When  the  antiseptic  treatment  was  introduced,  soi 
most  beneficial  effects  were  supposed  to  be  illustrated  in  the 
ment  of  this  affection.      Although  septic  infection  with   pyc*j 
bacteria  was  thus  prevented,  no  effect  was  produced  on  the  t 
cular  process,  and  the  abscess  was  simply  converted  into  a  tub 
lar  sinus.     A  great  step  in  advance  was  made  when  the  tuber 
nature  of  the  pyogenic  membrane  was  recognized.     The  mi 
was  then  adopted  of  scraping  away  the  membrane  after  laying 
the  abscess  by  a  free  incision.     But  the  difficulty  remained  o 
always  being  able  to  reach  all  the  folds  of  the  abscess-ca1 
small  sinuses  leading  to  concealed  foci  of  disease  were  often 
looked;  consequently  the  source  of  the  whole  trouble  would  re 
Untreated.     The  healiug  properties  of  iodoform  111  the  treat 
of  tubercle  having  long  been   recognize],   a  method  was  fi 
devised  whereby  this  drug  could  be  brought  in  contact  with  al 
ramifications  of  such  a  pus-cavity.     Among  the  first  to  intrc 
this  method  were  Billroth  and  Mikulicz.    The  following  is  Km 
description  of  the  method: 

The  abscess  is  first  tapped  under  antiseptic  precautions, 
best  to  use  a  good -sized  trocar,  so  that  clots  of  cheesy  materia 
fragments  of  abscess- membrane  can  be  removed  readily  throng 
The  cavity  is  then  thoroughly  irrigated  with  a  3  per  cent 
of  boracic  acid,  and  the  iodoform  preparation  is  injected. 
tions  of  iodoform  in  ether  or  in  alcohol  are  more  readily  absor 
but  they  may  cause  poisoning,  and  they  have  the  disadvantagi 
leaving  but  a  small  quantity  of  the  iodoform  in  the  cavity.  Kt; 
objects  also  to  iodoform  oil  on  the  same  grounds.  He  uses 
cent,  solution — or,  rather,  suspension — of  iodoform  in  gl 
Another  preparation  is  a  10  per  cent,  suspension  of  iodofom 
water  with  20  per  cent  glycerin,  5  per  cent,  gum-arabic*  and  1 
cent,  carbolic  acid.  The  finely-powdered  iodoform  is  rubbef 
with  a  few  drops  of  glycerin,  and  is  gradually  added  to  the  1 
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-ture>  which  must  be  well  shaken  before  using.     When  properly 

jprepared  it  can  easily  be  injected  with  a  hypodermic  needle.     As 

this  drug  is  only  in  suspension,  it  is  not  absorbed,  and  it  remains 

i  a  contact  with  the  pyogenic  membrane.     A  gradual  absorption 

<3oe$  of  course  take  place,  but  not  with  sufficient  rapidity  to  cause 

poisoning.     It  is  well  to  act  with  caution  in  cachectic   subjects. 

Tor  adults  about  3  ounces  of  such  a  mixture  may  be  introduced. 

Smaller  doses  are,  however,  more  frequently  used.     The  abscess- 

-walls  should  be  so  manipulated  as  to  bring  the  mixture  in  contact 

■with  all  the  folds  of  the  membrane.     It  is  not  usually  necessary  to 

■put  a  stitch  in  the  puncture  wouud,  a  light  dressing  being  all  that 

ceded.     If  the  trocar  is  plugged  with  cheesy  clots,  an  incision 

may  be  necessary,  which  must  of  course  be  sewed  up  before  the 

injection  is  made. 

After  the  first  injection  the  swelling  subsides,  and  in  some  cases 
it  disappears  entirely  in  a  few  weeks.     Two  or  three  injections  are, 
however,  usually  necessary  at  intervals  of  a  few  weeks.     If  the 
abscess  refills,  it  must  be  washed  out  again  with  boracic  acid.     In 
this  case  several  months  may  elapse  before  a  cure  is  effected.     At 
the  second  puncture  the  discharge  through  the  canula  is  of  a  more 
mucous  character  and  of  a  darker  color,  and  it  is  mixed  with  par- 
ticles of  iodoform  powder.    Later  the  fluid  becomes  clear  and  ropy, 
containing  under  the  microscope  round  cells  in  a  state  of  fatty 
degeneration.    Occasionally  a  fistula  forms  which  discharges  a  sim- 
ilar fluid,  sometimes  in  considerable  quantity,  but  the  healing  pro- 
cess does  not  appear  to  be  disturbed. 

Iodoform  appears  to  cause  a  breaking  down  of  the  tuberculous 
tissue,  which  is  then  thrown  off.  If  fragments  of  the  wall  of  such 
abscesses  are  examined  microscopically  from  time  to  time,  it  will 
be  found  that  the  bacilli  have  disappeared  soon  after  the  beginning 
of  the  treatment.  The  tubercles  are  seen  infiltrated  with  round 
cells  and  serous  exudation,  and  many  of  the  cells  of  the  tubercle 
are  in  a  state  of  fatty  degeneration.  The  subjacent  fibrous  layer 
throws  out  granulations  which  destroy  and  throw  off  the  tubercu- 
lar membrane.  When  all  the  broken-down  material  has  disap- 
peared the  granulations  cicatrize  and  the  abscess  heals. 

In  tuberculous  joints  the  same  treatment  may  be  carried  out  If 
there  is  pus  in  the  joint,  the  treatment  is  the  same  as  for  abscess,  a 
smaller  quantity  of  the  mixture  being  used:  about  an  ounce  is  suf- 
ficient. A  trocar  about  2  mm.  in  diameter  is  better  than  a  hypo- 
dermic needle.  Passive  motion  may  be  employed  to  spread  the  mix- 
ture through  the  joint.     It  has  no  bad  effect  upon  healthy  cartilage. 


In  the  wrist  the  best  point  to  select  for  puncture  h  j 
the  styloid  process  of  the  radius  and  ulna.     In  the  elbow-jo 
head  of  the  radius  is  considered  the  most  available  spot. 
shoulder-joint  the  trocar  may  be  introduced  externally  to  th 
coid  process,  just  outside  the  spot  where  the  spine  of  the 
becomes  continuous  with  the  acromion.     In  injecting  the  h 
along  trocar  should  be  used;  the  limb  should  be  extended,  s 
adducted,  and  rotated  inwardly.    The  instrument,  which  is  i 
just  above  the  trochanter  major,  should  be  pushed  until  it  co 
contact  with  the  head  of  the  bone.     In  tapping  the  knee-joi 
must  be  taken  to  insert  the  instrument  beneath  the  patella. 
ankle-joint  the  point  to  enter  is  under  the  tip  of  either  mal 
Anaesthesia  is  usually  unnecessary,  but  a  i  or  a  2  per  cent.  s< 
of  cocaine  may  be  used  for  the  skin.     A  slight  rise  of  temp< 
occurs  for  one  or  two  days  after  the  injection,  but  it  is  of  no 
logical  significance.      Three   injections  performed  at  inten 
about  four  weeks  are  usually  necessary.     There  is  1 
relief  of  pain  after  the  first  injection,  but  the  swelling  dc 
subside  with  rapidity.     The  tissues  become,  however,  son 
firmer  in  favorable  cases.     If  there  is  pus  in  the  joint,  it  ge 
returns  after  the  first  injection,  but  after  the   third  or  fourt 
tion  it  disappears.     The  restoration  of  motion   to  the  joi 
depend  upon  the  amount  of  change  which  has  already  taken 
but  cases  of  complete  return  of  the  normal  movements  are  re 

This  mode  of  treatment  appears  best  suited  to  you 
children,  though  adult  life  does  not  constitute  a  contraind 
The  treatment  is  well  adapted  to  tuberculous  wrists,  eve 
pulmonary  disease  is  present.     The  method  should  be  tri 
in  severe  cases  before  resorting  to  operation.     It  may  be 
cases  of  primary  epiphyseal  disease  as  well  as  in  tubercti 
the  synovial  membrane.     It  should  always  be  employed  i 
of  suppurating  bone  disease  so  situated  that  the  bone  canno 
be  reached  by  the  operator.      If,  however,  the  bone  can  rea 
reached  through  the  abscess,  an  operation  is  to  be  preferred 
this  way  the  surgeon  is  in  a  position  to  leave  the  parts  in  a 
tion  favorable  for  permanent  cure.     Balsam  of  Peru 
been  used  in  the  same  way,   but  not  with  such   brilliant  r 

Billroth  lately  adopted  a  combination  of  the  old  meth 
scraping  an  abscess  and  the  iodoform-glycerin  treatment 
abscess  is  first  laid  open  by  a  long  incision,  and  the  lini 
brane  is  thoroughly  scrubbed  off  with  iodoform  gauze 
similar    material,    and,    after    the    bleeding    has    been 


fistulous  openings  are  sought  for  and  traced  to  their  source,  coun- 
ter-openings being  made,  if  necessary,  for  the  purpose.  The  pri- 
mary nodule,  being  found,  is  then  thoroughly  curetted  away.  The 
»  ^rhole  cavity  is  now  washed  out  with  i  :  3000  corrosive  sublimate 
and  is  stuffed  with  iodoform  gauze.  The  Esmarch  bandage,  if  ap- 
plied, is  then  removed.  The  gauze  is  left  in  for  one-half  to  three- 
quarters  of  an  hour  or  until  the  next  day,  and  is  removed  after 
being  wet  with  a  sublimate  douche:  the  surface  is  dried,  and  the 
wound  is  sewed  up  with  a  sterilized  continued  suture  under  the 
most  careful  antiseptic  precautions.  An  opening  of  some  size  is 
left  through  which  the  iodoforra-glycerin  is  injected.  If  the  gly- 
cerin does  not  flow  well,  it  must  be  forced  through  a  tube  into  all 
parts  of  the  cavity,  which  should  be  filled  sufficiently  to  expose  the 
inner  wall  to  the  fluid  without  over-distention.  The  stitches  should 
not  be  drawn  too  tightly,  because  they  prevent  healing  by  first 
intention.  Finally,  the  wound  is  entirely  closed  and  a  dressing 
■with  gentle  compression  is  applied.  Those  parts  of  the  body  where 
compression  cannot  easily  be  applied  are  not  suited  to  this  method, 
as  slight  hemorrhages  from  the  walls  of  the  cavity  are  apt  to  take 

*  place. 
illy  there  are  three  or  four  days  of  fever  with  a  high  even- 
ing temperature.  The  dressing  is  allowed  to  remain,  if  all  goes 
well,  for  two  or  three  weeks.  In  other  cases  the  fever  and  pain  are 
so  great  that  the  dressings  have  to  be  removed,  and  the  emulsion, 
mingled  with  blood,  will  be  found  oozing  up  between  the  stitches. 
In  this  case  the  emulsion  must  be  pressed  out  and  drains  be  inserted 
between  the  stitches,  or  the  wound  may  be  opened  slightly  and  the 
blood  be  pressed  out,  and  healing  without  suppuration  may  still 
occur.  Billroth  adopts  this  treatment  also  to  open  abscesses, 
lodoforra-poisoning  is  rarely  seen. 

A  10  per  cent,  emulsion  of  iodoform  in  olive  oil,  or  equal  parts 
of  iodoform  and  olive  oil,  may  be  used  in  many  cases:  such  treat- 
ment is  well  adapted  to  open  sinuses,  and  can  safely  be  carried  out 
by  the  patient  himself.      It  is  of  course  not  so  effective  as  one 
applied  before  the  abscess  is  opened,  but  it  gradually  brings  about 
an  improvement  in  cases  not  amenable  to  treatment  in  any  other 
other  way,  and  it  is  useful  in  healing  a  sinus  that  may  have  re- 
mained after  operation,  or  it  is  adapted  to  the  preliminary  treat- 
ment of  open  sinuses  before  attempting  operative  interference.     In 
fact,  the  iodoform  treatment  is  a  valuable  preliminary  treatment  to 
any  operation  that  is  intended,  and  the  success  which  it  has  thus 
far  met  with,  and  the  ease  with  which  it  can  be  carried  out^  even 
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>y  those  who  have  not  the  conveniences  of  a  large  clinic,  recom- 
mend it  strongly  for  general  trial. 

In  dropsical  forms  of  tuberculosis  of  the  joints  (hydrops  tubercu- 
flosus)  the  effusion  may  be  treated  by  the  method  sometimes  em- 
ployed for  non-tuberculous  dropsy  of  the  joint.     This  method  con- 
sists in  the  introduction  of  a  canula,  and,  after  drawing  off  the 
fluid,  injecting  a  solution  of  carbolic  acid  of  the  strength  of  i  :6a 
After  manipulating  the  joiut  so  that  the  fluid  shall  come  in  contact? 
with  the  entire  .synovial  surface  the  solution  is  drawn  off  and  th^  ^  , 
puncture  is  covered  with  an  antiseptic  dressing.     Great  care  nnis^^ 
always  be  taken  to  procure  strict  asepsis  during  such  an  operations- 
There  are  a  large  number  of  cases  of  bone  or  joint  di 
which    are   not    relieved    by    any    of    the    methods   of    treattnei 
hitherto   mentioned.     Formerly  all    these  cases   eventually  cair^^^ 
to  excision  or  to  amputation,  but  the  present  knowledge  of  t~^  ^. 
pathology  of  these  affections,  and  the  extent  to  which  the  diff*"~ 
ent   parts   of  the  joints  are  involved  in   different  cases,  and  t^^i 
great   security  and    precision   offered   by  bloodless   and   antisep^^*. 
modes  of  operating,  enable  one  to  choose  from  a  much  gxe 
variety  of  operative  procedures. 

Resection  of  the  joint  will  obviously  be  unnecessary  wher-^ 
tuberculoids   nodule  exists   in   one  of  the  epiphyses   which   if 
desired  to  remove.     It  may  be  sought  for  and   readily  be  foujx] 
if  a  fistulous  tract  is  present;   otherwise  an  exploratory  inci*/0l| 
must  be  made  for  the  purpose.     A  flap  of  skin   with  the  peri- 
osteum may  be  reflected  from  the  bone,  and  an  exploratory  putt  ^,. 
tnre  may  be  made  with  the  chisel  in  several  places  until  the  nodti  Be 
is  discovered.     In  removing  the  disease  care  should  be  taken,  -mf 
suppuration  or  cheesy  degeneration  has  not   already  occurred,  iHLo 
cut  into  the  healthy  bone,  and  to  avoid,  if  possible^  bringing 
diseased  mass  in  contact  with   the  healthy  tissues.      If  the  nodo        lc 
has  softened  and  broken  down,   the  cavity  must  be  scraped  o«^»t 
thoroughly  with  a  curette,  and  if  there  is  a  sequestrum  prese^awt 

it  must  be  pried  out  with  an  elevator.      The  walls  may,  if  nece h 

sary,  be  chiselled  down  to  healthy  bone  even  at  the  risk  of  mi 
ing  an  opening  in  the  joint.      The   cavity  thus   made  can  then 
disinfected  with  a  solution  of  i  :  iooo  corrosive  sublimate,  or,  if 
is  doubtful  whether  all  disease  has  been  removed,  it  may  be  saresd 
by  the  actual  cautery.     Some  operators,  relying  upon  the  thorough*- 
ness  of  their  operation,  allow  the  space  to  fill  with  blood-clot  aA«=r 
removing  the  Esmarch  bandage,  and  then  seek  to  obtain  union 
first  intention;  but  there  is  always  danger  that  a  local  return  mmy 
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tlius  be  facilitated,  for  if  there  be  any  of  the  infectious  material 
left  behind,  the  blood-clot  offers  a  most  favorable  soil  for  its  devel- 
opment. It  is  better,  therefore,  to  fill  the  cavity  with  iodoform 
gauze  and  allow  it  to  heal  by  granulation.  Senn  suggests  the 
introduction  into  such  cavities  of  fragments  of  decalcified  bone 
that  have  been  covered  with  iodoform.  These  fragments  offer  a 
suitable  scaffolding  for  the  development  of  the  granulations,  and 
at  the  same  time  the  iodoform  diminishes  the  danger  of  local  or 
of  general  tubercular  infection.  The  danger  of  general  infection 
must  always  be  borne  in  mind  whatever  operation  is  being  per- 
formed, for  acute  miliary  tuberculosis  may  result  from  an  infection 
the  surrounding  healthy  tissues  of  an  operative  wound. 
Tubercular  nodules  in  parts  of  the  skeleton  remote  from  joints 
may  be  treated  in  the  same  way.  A  portion  of  the  rib  may  be 
resected  if  necessary,  or  the  surface  of  a  fiat  bone  may  be  trephined 
or  chiselled  until  all  diseased  bone  has  been  removed. 

When  the  diseased  nodule  or  sequestrum  projects  into  the  joint, 
it   may  be  necessary  to  open  the  joint  to  facilitate  its  removal.    The 
a»f>eration  to  be  performed  in  this  case  is  arthrotomy.     A  number 
of"  such  operations  have  been  successfully  performed.     Arthrotomy 
c<^nsists  in  making  an  incision  into  a  joint  for  the  removal  of  a 
rV>ieign  or  diseased  body.     It  may  be  in  the  form  of  a  large  trans- 
verse cut  which  lays  the  joint  open  freely  for  inspection,  or  it  may 
a  simple  linear  incision,   or,  finally,  a  flap  of  integument  and 
rhaps  of  periosteum  may  be  reflected  for  the  purpose  of  expos- 
i  "*=»g  the  seat  of  the  disease.     After  removing  the  diseased   bone, 
a_-mzid,  if  need  be,  curetting  some  adjacent  infected  portion  of  the 
3  <zuint  and  dusting  with  iodoform  powder,  the  wound  is  closed  and 
^       small  drain  or  tent  of  iodoform  gauze  is  allowed  to  remain  be- 
t_  -^ween  the  lips  of   the  wound.     After  any  such  operation  in  or 
■=B.^ar  a  joint  the  limb  should  be  placed  upon  a  splint,  so  as  to 
s-^^cure  complete   fixation  during  the  early  stages  of  the   healing 
^>^ocess.      Such  nodules  are  found  in  the  anterior  or  in  the  lateral 
artions  of  the  epiphysis  of  the  tibia,  in  a  condyle  of  the  femur, 
neck  or  the  trochanters  of  the  femur,  and  in  the  olecranon 
"jf>T»cess  of  the  ulna;  in   nearly  all   of  which  cases  it  is  not  impos- 
sible to  make  an  opening  into  the  diseased  cavity  without  involv- 
ing the  joint.     Several  cases   of  exploratory  incision  into  joints 
liave  resulted  in  their  cure,  very  much  as  in  laparotomy  for  tuber- 

Ioular  peritonitis. 
Jn  deciding  upon  some  of  the  more  serious  forms  of  operation 
it  should  be  remembered  that  the  functional  results  after  exo^svow 
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of  the  joint  are  inferior  to  those  obtained  by  conservative  treat- 
ment.     Moreover,   any  operation  which   involves  the  epiphyseal 
line  interferes  seriously  with  the  growth  of  bone.     Although  in* 
tumor  albus  there  may  be  an  arrest  of  the  growth  of  bone,  th^ 
shortening  after  an  extensive  incision,  as  of  the  knee-join* 
greater  than  after  a  spontaneous  cure  (Bradford). 

These  operations  should  therefore  be  attempted  only  when,  i 
children,  considerable  collections  of  pus  are  found  in  the  joint  an^ 
more  or  less  profound  constitutional  disturbance  exists,  as  shov-^. 
by  the  presence  of  fever  and  weakness  and  loss  of  appetite.     Con- 
siderable  displacement  of  the  bones   also  indicates  an   advanc^ 
stage  of  the  disease.      In  adults,  after  a  trial   has  been  made 
the  various  forms  of  conservative  treatment,  it  is  better  to  g^— » 
a  mode  of  treatment  that  will  lead  to  rapid  healing,  rather  thai    -^ 
run  the  risk  of  pulmonary  tuberculosis  or  amyloid  degenera^j- 
of   the  internal  organs*      The   advent  of  suppuration   with       ji 
formation  of  an  abscess  communicating  with  the  joint  that  ^g* 
not  be  controlled  by  the  usual  treatment  is  apt  to  be  followed  5., 
the  establishment  of  fistulous  openings  of  a  tuberculous  charterer 
and  a  hectic  fever.     Under  these  circumstances  it  would  bt. 
to  postpone  too  long  resection  of  the  joint.      The  presence  of  a  di%. 
location  or  subluxation  in  the  hip  must  be  an  indication  for  tac- 
tion.    In  the  knee  a  subluxation  could  probably  be  remedied  br 
other  means  unless  extreme  in  degree. 

The  patient's  station  in  life  will  influence  the  surgeon  some- 
what  in  the  selection  of  a  mode  of  treatment.  In  a  laboring  man 
an  operation  leading  to  a  cure  in  a  few  weeks'  time  may  be  selected 
in  preference  to  a  more  conservative  treatment,  although  the  latter] 
might  be  successful  in  the  course  of  two  or  three  years. 

Arihreciomy  is  an  operation  designed,  as  its  name  implies, 
the  removal  of  the  structures  forming  the  inner  surface  of  tj 
articular  cavity.     In  its  narrow  sense  it  is  limited  to  an  exi 
of  the  synovial  membrane,  cartilage,  or  bone.     The  latter  o; 
tion  has  sometimes  been  called    "atypical  resection1'  or 
resection  of  the  joint.     The  term  "erasion  of  the  joint"  i 
by  English   writers,  but  all  these  distinctions  are  con  In 
principal  difference  between  this  method   and    the   t\ 
tion  of  the  joint  lies  in  limiting  operative  interference 
the  diseased  structures.     In  arthrotomy  the  ligaments 
considerable  portions  of  the  synovial  membrane  may  be 
In  arthrectomy  the  periosteum  and  the  contour  of  the 
/eo\and,  if  new  bone-formation  takes  place  and 


;  all  that  could  be  desired,  the  joint  retains  it  normal  outline  and 
pinetimes  its  mobility.  It  is,  moreover,  not  supposed  to  interfere 
rith  the  growth  of  the  limb.  The  objections  to  this  operation  are 
fiat  it  is  not  thorough,  and  that  it  fails  oftener  than  excision  to 
radicate  disease.  In  twenty-two  operations  for  arthrectoray  col- 
»cted  by  Muller  two  patients  died  of  general  tuberculosis  some 
lonths  after  the  operation,  in  fifteen  the  wound  healed  by  first 
itention,  there  was  no  shortening  in  six  cases,  and  in  two  only 
ras  there  a  certain  amount  of  motion  possible.  Senn  reports  two 
ases  of  arthrectomy  of  the  elbow-joint,  in   both   of  which   the 

functional  result  was  satisfactory." 

The  technique  of  the  operation  consists  in  so  laying  open  the 
oint,  as  performed  in  the  operation  for  resection,  that  its  interior 

all  freely  be  exposed.    This  opening  is  accomplished  in  the  knee- 

int  by  a  transverse  incision  which  divides  the  lateral  ligaments. 

tie  patella  should  also  be  reflected  back  by  free  lateral  incisions 

h rough  the  capsule,  so  as  to  expose  the  pouch  which  lies  beneath 

t-    The  curette  is  usually  not  sufficiently  effective  in  removing  the 

uberculous  disease  of  the  synovial  membrane,  as  the  diseased  layer 

oes  not  lie  loosely  over  the  surface  as  in  cold  abscess,  but  is  part 

f  a  dense  membrane  from  which  it   cannot  be  scraped.     Every 

ragtnent  of  diseased   tissue  must  carefully  be  dissected  off  with 

lie  forceps  and  scissors.     Particular  attention  should  be  paid  to  the 

arious  folds  of  the  capsule,  and  especially  to  the  posterior  layer 

which  borders  on  the  popliteal  space,  taking  care  to  avoid  the  large 

Fiels  that  lie  very  close   to   the  external  condyle  of  the  tibia. 
the  bones  are  healthy,   the   synovial   membrane   alone   should 
be  excised;  but  if  sequestra  or  fistulae  leading  to  diseased  bones  are 
found,  it  may  also  be  necessary  to  remove  portions  of  the  cartilage 
and  bones.     The  patella  should  be  allowed  to  remain  if  not  dis- 
eased.    Such  an  operation  should  of  course  be  performed  by  the 
iloodless  method   and  under  the   strictest  antiseptic  precautions, 
fter  removing  the  Esmarch  bandage  the  oozing  should  be  arrested 
\  temporary  pressure  with  corrosive  sublimate  gauze  or  with  iodo- 
form gauze  packed  into  the  joint.      A  few  vessels  will  require  liga- 
re,  however.    If  the  operator  is  satisfied  that  all  diseased  tissue  has 
been  removed,  the  joint  may  be  closed,  a  small  drain  being  allowed 
to  remain  a  day  or  two  in  the  corner  of  the  wound.     Some  opera- 
tors after  removing  the  bandage  allow  the  blood  to  accumulate 
within  the  wound  in  order  that  healing  by  aseptic  blood-clot  may 
take  place;  but  this  should  be  tried  only  when  it  is  desired  to  fill  a 
space  left  by  the  removal  of  diseased  bone,  and  when  it  is  cett&iw. 


dressing  may  be  changed  from  time  to  time  if  the  sec 
excessive.  Krause  adopted  this  method  in  two  cases  of  n 
fifty  years  of  age  in  whom  there  were  extensive  abscess-f 
and  burrowing  of  pus.  In  both  cases  healing  took  place 
fistulas,  and  the  patients  reported  themselves  well  a  year  ai 
and  a  half,  respectively,  after  the  operations.  Owing  to 
culty  of  laying  open  the  joint  thoroughly,  arthrectotu 
suited  to  all  cases.  It  is  best  adapted  to  the  knee-joint, 
haps  also  to  the  elbow-joint,  but  in  the  shoulder,  and  pai 
in  the  hip,  the  anatomical  conditions  make  it  no  easy  e 
gain  access  to  the  more  remote  portion  of  the  synovial 
The  preliminary  treatment  with  iodoform,  oil,  or  glycer 
the  way,  however,  for  these  more  conservative  methods  < 
ting)  and  although  they  cannot  be  considered  as  well  esi 
methods  at  the  time  of  this  writing,  they  have  nevertheless 
and  deserve  a  careful  trial. 

Resection  of  the  joints  may  be  illustrated  by  a  de 
of  the  operation  upon  the  knee.  The  joint  is  opened  bv 
verse  incision  running  from  condyle  to  condyle.  This 
be  made  directly  across  the  centre  of  the  patella,  whicl 
sawn  through,  or  it  may  curve  with  the  convexity  eith 
or  below  that  bone.  Senn  makes  a  curved  incision  thn 
skin  above  the  patella,  and,  after  reflecting  the  flap  do 
cuts  through  the  patella,  which  is  united  again  by  suti 
the  operation.      The  patella  is,  however,   usually  remov 
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11  be  straight  when  they  are  placed  in  apposition  with  one  an- 

er,  and  care  must  be  taken  that  the  posterior  edge  of  the  tibia 

not  press  against  the  popliteal  vessels.     After  removing  the 

ic  bandage  the  hemorrhage  should  be  arrested  by  pressure,  by 

levation  of  the  limb,   and  by  tying  such  arteries  as  require  the 

ture.     The  bones  can  be  held  firmly  together  by  a  silver  suture 

t  short  and  allowed  to  remain  permanently.     It  is  safer  to  etn- 

oy  some  form  of  drainage,  as  in  the  majority  of  cases  union  will 

»e   favored  by  conducting  off  the  serous  and  bloody  discharge  of 

tie  first  few  da 

tin  resection  of  the  hip-  and  shoulder-joints  the  operator  should 
t  be  satisfied  with  removal  of  the  head  of  the  femur  or  the  liume- 
5,  but  careful  attention  must  be  given  to  all  other  portions  of  the 
jirticular  cavity,  and  all  diseased  tissue  must  carefully  be  removed, 
the  incision   being  made  sufficiently  large  for   the  purpose.     In 
resection  of  the  elbow-joint  it  is  better  to  remove  the  bone  freely 
and  to  avoid  too  careful  preservation  of  the  periosteum;  otherwise 
ankylosis  may  occur.     The  results  of  such  operations  are  usually 
excellent,  aud  it  is  rare  that  a  flail-like  joint  is  obtained. 
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losis  has  been  so  satisfactorily  demonstrated  that  no  doubt 
the  present  time  of  their  true  nature. 

Among  the  most  prominent  of  these  affections  is  lupit 
is  now  universally  recognized  as  a  tubercular  disease,  bu 
Koch  demonstrated  the  presence  of  the  bacillus  of  tuberci 
the  lupus  nodules,  clinical  observation  had  demonstrated  th 
probability  of  its  relation  to  tubercle.  Brock  found  in  79  ] 
of  the  cases  of  lupus  examined  by  him  complications  wii 
forms  of  tuberculosis,  and  Besuier  showed  that  21  per  cen 
lupus  patients  died  of  phthisis.  Inoculations  in  animals  h; 
made  successfully  from  fragments  of  lupus,  and  Koch  succ 
obtaining  a  culture  of  the  bacillus  on  blood-serum  from  I 
lupus  hypertropkicus. 

Lupus  is  characterized  by  the  formation  in  the  skin  of 
nodules  of  a  reddish -brown  color,  more  or  less  trauspai 
covered  with  epidermis.  They  appear  to  lie  just  beneath 
face,  and  they  are  well  defined  in  outline,  A  cluster  of 
about  the  size  of  a  pin's  head  is  first  observed,  and  as  tin 
isms  grow  they  gradually  approach  one  another,  finally  b 
confluent  and  forming  nodules  of  considerable  size,  Acco 
the  direction  which  the  growth  takes  there  may  be  ar 
infinite  variety  of  forms.  The  varying  degree  of  involve 
the  upper  layer  of  the  skin  gives  rise  to  differences  in  tl 
cal  appearances  of  the  disease.  These  nodules  are  situate* 
cheeks,  on  the  nose,  or  on  .some  other  narts  of  the  face:   tl 
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V>  find.     Cornil  and  Babes  examined  microscopally  twelve  cases, 
and  found  a  bacillus  on  only  one  occasion. 

I  In  the  ulcerating  form  of  lupus  there  is  a  more  intense  inflam- 
mation of  the  superficial  layer  of  the  cutis  and  the  papillae.  The 
large  numbers  of  leucocytes  bring  about  a  softening  of  these  layers, 
and  they  break  up  the  attachments  of  the  cells  of  the  rete  mucosum. 
The  epidermis,  consequently,  is  thrown  off  and  suppuration  of  the 
papillary  layer  takes  place. 

The  evidence  that  lupus  i-u/jrarr's  is  a  form  of  tuberculosis  of  the 
skin  is  sufficiently  conclusive.  As  the  disease  progresses  in  the 
non-ulcerative  form  the  growth  takes  place  from  the  periphery,  and 
there  can  occasionally  be  made  out  minute  tubercular  nodules  in 
an  early  stage  of  formation.  The  older  portions  show  a  tendency 
to  get  well;  they  lose  their  peculiar  color,  the  swelling  disappears, 
tlie  epidermis  peels  off,  and  cicatricial  tissue  is  left  behind. 

UWhen  the  infiltration  is  not  deep  the  disease  appears  as  a  yel- 
wish-brown  discoloration  of  the  skin  without  any  elevation  of 
El"*  e  surface.    The  diseased  part  is  somewhat  softer  than  the  healthy 
s  t  mcture,  and  a  probe  can  easily  penetrate  the  tissue.     This  form 
^     called   4i  lupus  maculosus."     Later  the  nodule  may  be  soft  and 
'^^latiniform,  or  it  may  contain  little  masses  of  colloid  material  in 
I   m_e  form  of  cysts.     In  other  cases  the  morbid  tissue  is  very  firm 
id  extends  deeply  into  the  skin.     This  form  is  very  slow  in  its 
c»wth,  and  never  breaks  down.     It  is  a  peculiarly  obstinate  form 
'the  affection  to  deal  with.     In  some  cases  the  tubercular  nodules 
im  to  be  surrounded  with  an  almost  cartilaginous  induration. 
As  cicatrization  goes  on  and  the  upper  layers  of  the  skin  are 
^^sstroyed,  considerable  desquamation  occurs:   this  may  be  a  suf- 
■  "Hently  marked  characteristic  of  the  affection  to  receive  a  special 
— g^=ime.     This  condition  is  sometimes  known  as  squamous  or  exfo- 
~^ting  lupus. 

When  the  lupus  nodules  break  down  and  the  cheesy  degenerated 
cnmaterial  is  thrown  off  there  is  presented  the  ulcerating  type,  or 
iptis  exedetis.  The  ulcers  are  covered  with  thin  brownish  crusts 
i~  -mndthe  surrounding  skin  has  a  brownish-yellow  color.  The  mar* 
^7~m  of  the  ulcer  will  be  raised  if  the  tubercular  growth  has  been  an 
a^^tive  one.     In  this  type  the  growth  is  somewhat  more  rapid. 

When,  however,  the  infiltrated  tissues  of  the  skin  break  down 
^Tradually,  cicatrization  may  begin  in  the  centre  of  the  diseased 
^Tea;  and,  as  the  process  continues  to  infiltrate  and  destroy  the  sur- 
rounding healthy  skin  a  serpiginous  ulcer  is  formed.    As  the  disease 
"proceeds  there  is  sometimes  an  exuberant  formation  of  tissue  which 
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occurs  with  great  rapidity,  there  may  be  phagedenic  lu 
this  type  is  exceedingly  rare. 

Although  lupus  is  principally  confined  to  the  skin,  it  ma 
to  the  deeper  parts  aud  the  periosteum  may  be  attacked, 
ease  may  spread  along  the  lymphatics  and  involve  the 
glands;  it  may  become  multiple,  attacking  several  portion 
skin  at  once.      Pulmonary  tuberculosis  may  eventually  de 
a  secondary  complication,  but  this  affection  of  the  skin   i: 
chronic  one,  aud  it  usually  remains  confined  to  that  stru« 
may  spread,   however,   to  the  mucous  membranes.      Lupi: 
face  may  spread   to  the  mucous  membrane  of  the  mouth 
nostrils.     The  nostrils  may  become  contracted,  and  sometii 
nearly  be  obliterated  by  the  cicatricial  tissue.     The  dise; 
reach  the  auditory  canal  and  attack  the  membrana  tymp 
conjunctiva,  and  even  the  cornea,   may  become   involve* 
disease. 

Lupus  presents  certain  aspects  peculiar  to  certain  localil 
the  face  the  disease  begins  as  the  macular  variety,  and  final 
one  or  more  separate  nodules.  As  these  nodules  spread  2 
trization  takes  place  extensive  surfaces  may  become  in  vol1 
the  whole  face  may  be  transformed  into  a  cicatricial  and  di 
tissue.  Lupus  of  the  nose  general ly  occupies  the  tip  and 
The  reddened  and  hypertrophied  tissue  is  covered  with  til 
crusts  and  gives  rise  to  great  deformity,  The  disease  is  fo 
on  the  ltr«  and  the  external  ear.    On  the  limbs  and  hodv  ir 
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Uiucoiis  membranes  and  spreads  over  the  adjacent  skin.      It  begins 
as  minute  nodules  in  the  skin  that  soon  break  down  and  ulcerate. 
.  circular  or  an  oval  ulcer  of  variable  size  is  formed.     There  are 
usually  several  ulcers,  which  may  run  together  and  assume  a  ser- 
piginous form.     They  are  found  most  frequently  near  the  anus,  on 
tfre  lips,  near  the  nostrils,  and  on  the  upper  extremities.     They 
are  seen  only  in  individuals  in  advanced  stages  of  pulmonary  tu- 
berculosis.    They  are  usually  devoid  of  pain.     Esmarch  describes 
$tich   ulcers  near  the  anus,  which  are,  however,  very  painful,  par- 
ticularly at  the  time  of  a  movement  of  the  bowels,  if  they  encroach 
upon  the  mucous  membrane.     They  may  sometimes  be  quite  large 
3. xid  may  be  multiple.    They  are  usually  associated  with  pulmonary 
disease,  and  are  probably  the  result  of  intestinal  infection.     The 
Ji_mpoid  ulcers  described  by  Allingham  are  probably  of  this  variety. 
X_^loir  lately  reported  a  hybrid  affection  of  lupus  and  syphilis.     In 
c-c^-rtain  cases  he  found  a  nodule  which  healed  to  a  certain  point 
^^r  ith  specific  remedies,  and  then  for  its  entire  disappearance  re- 
cj  1. aired   treatment  appropriate  for  tuberculosis. 

Scrofuloderma^   which  is  an  affection   of  more  frequent  occur- 
nce,  corresponds  to  the  gommes  scrqfitleuses  dermiques  of  French 
iters.     It  is  always  associated  with  some  other   unmistakable 
jgns  of  general  tuberculosis,  such  as  affections  of  the  glands,  the 
Dnes,   or  the  joints  (Zeisler).      It  is  the  ulcerated   form  which   is 
illy  said   to  be   tuberculous.     The  commonest  seat  of  these 
^Ddules  is  on  the  face,  in  the  submaxillary  region,  on  the  neck  and 
■orax,   and  on    the  extremities.     They  are   often    found  neaT   a 
jftened  lymphatic  gland.      They  appear  at  first  as  a  discoloration 
>frthe  skin,  which  becomes  raised  and  forms  a  nodule  that  spreads 
slowly,  and  finally  softens  at  one  or  more  points;  or  it  may  appear 
subcutaneously  and  gradually  involve  the  skin.     Finally  small  col- 
lections of  pus  form  beneath  the  surface  of  the  diseased  skin,  which 
imch  discolored.     When  these  cavities  open  a  thin  yellowish  or 
sanious  pus   is  discharged,   leaving  pouches  covered  with  a  thin 
kivcr  of  skin,    A  flat  superficial  ulcer  or  a  deep  fistulous  cavity  may 
form  in  this  way.     The  granulating  surface  is  gelatinous  and  is  of 
a  pale  yellowish  color.     Extensive  serpiginous  ulcers  may  thus  de- 
velop that  leave  behind  them  disfiguring  scars.     Occasionally  thev 
coexist  with    deep-seated    nodules  of  a  tubercular   nature.     They 
occur  at  all  periods  of  life,   but  chiefly  at  puberty. 

There  is  another  class  of  tubercular  lesions  of  the  skin  that 

appear  to  be  the  result  of  direct  local   inoculation.     These  types 

are  not  usually  associated  with  generalized  tubercle,  and  are  essett- 
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dally  local  affections.  Zeisler  classifies  under  this  fa 
ties :  namely,  (a)  Verruca  necrogenica,  or  anatomical  tuberc 
Tuberculosis  verrucosa  cutis  (Rielil  and  Paltauf  );  (O  Tuberc 
papilloinatosa  cutis  (Morrow);  and  (</)  Tuberculous  ulceratioi 

(a)  Anatomical  tubercle^  which  is  found  on  the  fingers  ai 
dorsal  surface  of  the  hand  of  persons  in  the  habit  of  handling 
bodies  or  in  performing  autopsies,  is  undoubtedly  the  result  oi 
inoculation.  It  begins  as  a  small  red  nodule,  which  become 
tular  and  is  soon  covered  with  a  scab.  Gradually  it  spreads  1 
surface,  becomes  thicker,  and  is  covered  with  pap; 
giving  it  a  warty  appearance.  It  has  a  well-defined  margin, 
and  there  on  its  surface  are  seen  small  points  of  pus  which  c 
squeezed  out  from  the  deeper  layers.  In  some  cases  it  is  quite 
fill;  at  times  it  is  very  indolent  in  character.  It  may  spread  th: 
the  lymphatics  to  the  forearm  and  the  axilla,  and  in  some  insl 
may  give  rise  to  a  fatal  visceral  tuberculosis. 

{/))  Tuberculosis  verrucosa  cuds  is  classified  by  most  writer* 
anatomical  tubercle.  It  is  situated  on  the  dorsal  surface  < 
hands  and  the  fingers  and  in  the  interdigital  spaces.  It  vai 
size  from  a  dime  to  a  silver  dollar.  When  fully  developed  a 
consists  of  three  concentric  zones.  The  peripheral  zone  is  e 
matotts,  the  color  disappearing  under  pressure  of  the  finger, 
second  zone  is  formed  of*  little  pustules  or  of  scales  coverinj 
tules;  the  skin  is  of  a  reddish-brown  color  and  is  somewha 
trated.  The  central  zone,  which  is  raised  2  to  3  millimetres 
the  level  of  the  skin,  is  covered  with  papillary  growths  whi 
largest  at  the  centre.  Between  the  warty  growths  are  fissur 
small  skin -abscesses  from  which  can  be  squeezed  a  few  dr> 
pus.  The  growth  is  very  sensitive.  The  lesion  is  situated 
superficial  layers  of  the  cutis,  and  it  rarely  extends  to  the  le 
the  sudoriparous  glands.  Riehl  and  Paltauf  found  large  mi 
of  the  bacilli  of  tuberculosis  in  the  diseased  tissue.  The  afl 
is  seen  in  vigorous  individuals  who  are  brought  by  their  occu 
in  contact  with  domestic  animals.  It  is  very  slow  in  develop 
and  it  may  last  from  two  to  fifteen  years.  Rowen  lias  des 
examples  of  this  affection.  In  one  case  infection  occurred  i 
of  the  Transatlantic  cattle-ships.  He  also  describes  a  nuxnt 
cases  of  this  disease  occurring  iu  young  subjects  and  on  di! 
portions  of  the  body,  as  on  the  elbow,  the  wrist,  and  the  kne 
all  cases  there  appeared  to  have  been  a  local  inoculation.  I 
scopical  examination  of  specimens  taken  from  some  of 
showed  the  characteristic  giant-cells  and  bacilli. 
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(c)  The  tuberculosis  papilhmatosa  cutis  is  an  isolated  case 
described  by  Morrow,  the  result  of  an  infection  of  the  skin  of  the 
face  from  pre-existing  tubercular  disease  of  the  bone.  The  case 
^tf-as  remarkable  for  the  extent  and  the  amount  of  the  warty  tuber- 
cular growth,  which  involved  the  cheeks,  the  upper  lip,  the  nose, 
^©d  the  eyelids.  The  hypertrophic  condition  of  the  growth  and 
tJie  papillary  excrescences  were  marked  features  of  this  case. 

id)  Tuberculous  ulcerations  produced  by  inoculation  appear  on 

^ny  infected  locality.     An  example  of  this  form  occurs  in  the  pre- 

■c»"uce  after  the  rite  of  circumcision  when  the  fresh  wound  is  sucked 

\y"y  the  operator  and  is  infected  with  the  saliva.    Repeated  instances 

^>f  this  form  of  inoculation  have  been  reported.      Infection  may 

^y^zcur  while  washing  the  linen  of  consumptives.     Brown  describes 

^^     case  of  tuberculosis  verrucosa  cutis  on  the  back  of  the  finger  of 

.£_  lie  right  hand  of  a  woman.     The  disease  appeared  at  the  time  of 

t  ftac  death  of  a  daughter  whose  soiled  handkerchiefs  and  clothing 

tlie  mother  had  been  in  the  habit  of  washing.     Ulcerations  have 

farmed  after  piercing  the  ears.     In  all  these  ulcerations  an  exami- 

x-m^lion  has  shown  the  characteristic  giant-cells  and  bacilli.     Most 

t  tuberculous  affections  of  the  skin,  except  those  seen  in  advanced 

^-«sneral  disease,  can  be  cured.     Lupus,  however,  is  distinguished 

from  all  other  tubercular  diseases  of  the  skin  by  its  marked  tend- 

WMcy  to  relapse. 

The  general  treatment  of  tuberculosis  of  the  skin  is  the  same  in 
many  cases  as  that  adopted  for  the  disease  in  other  parts  of  the 
1>ody.     Although  the  general  condition  of  the  patient  may  be  good 
in  lupus,  in  some  forms  of  cutaneous  tuberculosis  there  is  more  or 
less   cachexia.      In  any  case  it  is  of  importance   to  sustain    the 
patient's  health.     Cod-liver  oil  is  one  of  the  best  remedies  for  this 
purpose.     Bucq,  who  considers  it  the  most  important  internal  rem- 
edy for  this  disease,  recommends  from  four  to  eight  tablespoonfuls 
daily.      Among  other  drugs,  arsenic  may  be  mentioned  as  one  of 
the  most  efficacious.     It  may  be  administered  iu  the  form  of  Fowl- 
er1 s  solution. 

For  local  treatment  antiseptic  agents  have  been  recommended 
since  the  nature  of  the  disease  has  been  recognized.  White  em- 
ploys a  solution  of  bichloride  of  mercury,  1  or  2  grains  to  the  ounce, 
applied  half  rm  hour  every  morning  or  evening  on  compresses  kept 
continually  wet,  or  the  same  drug  may  be  used  as  an  ointment  in  a 
strength  of  2  grains  to  the  ounce,  applied  continuously  and  renewed 
twice  a  day.  Care  must  be  taken  to  avoid  salivation,  which,  how- 
ever, is  unlikely  to  occur  if  the  patient  is  watched.    White  noticed 
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rapid  improvement  at  first,  and  he  obtained  permanent  cur 
this  method,  in  some  cases  after  several  months  of  treatment, 
also  used  with  satisfactory  results  from  2  to  4  per  cent,  solutions  c^ 
salicylic  acid  in  castor  oil. 

The  objection  to  this  antiseptic  mode  of  treatment  is  thai 
agents  are  not  always  brought  in  direct  contact  with  those  parts 
a  stage  of  active  growth.     To  accomplish  this  contact  it  may 
necessary  to  use  caustics  as  a  preliminary  treatment.     Among 
caustics  pyrogallic  acid  is  supposed  to  have  a  mild  but  effee  ^ 
action.      It  may  be  used  with  ether  in  a  saturated  solution  o^^ 
compress ;  or  it  may  be  sprayed  on  and   afterward  covered  *iy^%» 
collodion;  or  it  may  also  be  employed  as  an  ointment.     After  \\t*~* 
tubercular  nodule  has  been  melted  down   in  this  way,  mercun 
the  form  of  a  plaster  or  an  ointment  may  be  applied.      Iodoform,     ' 
one  of  the  most  effective  poisons  to  tubercle,   may  be  employed 
locally.      It  may  be  applied  in   the  form  of  a  powder  or  an  oint- 
ment or  in  an  emulsion  with  glycerin,  or  it  may  be  forced  into 
the  soft  tissues  by   boring,   or  it   may  be  injected  with  a  hypo- 
dermic needle. 

Now  that  the  nature  of  the  disease  is  known,  attempts  should 
always  be  made  to  treat  it  as  if  it  were  a  malignant  growth. 
Operative  procedures  are  therefore  indicated  in  a  large  number  of 
cases.  There  are  of  course  certain  regions  where  excision  cannot 
be  performed,  as  on  the  alas  of  the  nose  or  in  extensive  disease  of 
the  face.  The  curette  or  scarificator  or  the  actual  cautery  may  be 
used  in  these  cases,  either  alone  or  as  an  aid  to  other  forms  of 
treatment. 

The  soft  nature  of  tuberculous  tissue  enables  the  curette  to  si 
easily  into  it,  so  that  it  may  thoroughly  be  scraped  away  in  many 
cases.     It  is  well  to  follow  up  the  sharp  spoon  with  some  form  of 
caustic.     The  mildest  of  caustics  is  nitrate  of  silver,  which  in 
form  of  a  pointed  stick  can  be  made  to  search  out  the  various  ram 
fications  of  the  disease.   When  the  diseased  tissue  is  firm  and  unyield- 
ing, it  may  be  exposed  by  means  of  scarification,  which  can  be  per- 
formed with  the  lancet  or  by  an  instrument  specially  devised  for  the  ^ 
purpose.     After  the  deeper  parts  of  the  diseased  tissue  have  tho^^ 
been  laid  bare  they  may  be  treated  with  the  antiseptic  rcmedie^^ 
already  mentioned.     Scarification  is  said  to  leave  a  better  scar  tha^ 
the  cautery.     In  certain  parts  of  the  face  the  actual  cautery  is  oc^-. 
of  the  most  efficient  agents  for  removing  the  disease  immediate'     -j, 
without  too  great  loss  of  tissue.     The  cicatrization   prepared  ^^3, 
nature  often  leaves  less  deformity  than  when  excision  has  bo*^^" 
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■performed  and  an  attempt  has  been  made  to  bring  the  edges  of  the 
•%vound  together  by  sutures. 

Whenever  the  disease  can  be  excised  it  is  undoubtedly  the  most 
efficient  way  of  dealing  with  it,  and  is  the  one  least  likely  to  be 
jfc»l  lowed  by  relapse. 

The  reputation  lupus  has  for  relapse  is  due  to  the  imperfect 

f^iethods  of  eradicating  the  disease.     Even  when  the  wound  is  so 

j^irge  that  the  edges  cannot  be  brought  together,  the  surgeon  should 

£-**>t  hesitate  on  this  account,  as  there  is  presented  in  the  Thiersch 

f^sethod  of  skin-grafting  an  efficient  way  of  covering  the  solution 

c^f  continuity.     Large  operations  of  this  kind  necessitate  aua?sthe- 

|  A,  but  the  smaller  forms  of  tuberculous  nodule  may  be  excised 

^^~ter  local  anaesthesia  has  been  produced  by  subcutaneous  injection 

<^£T  a  1  per  cent,  solution  of  cocaine. 

2.    Tuberculosis  of  the  Mucous  Membranes. 

Only  a  certain  number  of  these  affections  are  accessible  to  the 
s-tirgeon.     Primary  lupus  of  the  mucous  membrane  is  compara- 
t.i-vely  rare.     In  by  far  the  greater  number  of  cases  it  is  second- 
ary  to   disease  of  the   skin,   and    proceeds    thence  to  the   mouth, 
tHe    pharynx,    the   conjunctiva,    etc.       The   small   reddish-brown 
nodules   are    not   observed    in    the    mucous   membrane;    instead, 
t-Vi ere  are  seen  minute  white  points  in  the  livid  red  and  slightly- 
t-*xickened  membrane.     There  is  a  superficial  loss  of  cells  which 
can   hardly  be  called   ulceration:   later   these   white   spots   disap- 
"pear  and  the  surface  becomes   papillary.     Lupus  of  the  pharynx 
may  be  seen  independently  of  cutaneous  lupus.     LHceration  may 
finally  take  place,   and  the  ulcers,   which   last  a  long  time,  after 
partially  healing   break   down  again.       The   ulceration    may  ex- 
tend until  it  involves  almost  the  whole  thickness  of  the  mucous 
membrane. 

There  are  forms  of  tuberculosis  of  the  throat  and  soft  palate 
that  are  not  regarded  as  lupus.  This  form  of  the  disease  is 
seen  as  a  large  superficial  ulcer,  or  ulcers  which  eventually  run 
together.  They  have  a  yellow  surface,  and  they  may  extend  over 
a  large  portion  of  the  posterior  wall  of  the  pharynx  and  soft  palate. 
Miliary  nodules  may  be  seen  lying  in  the  membrane  between  the 
ulcers.  It  closely  resembles  syphilis,  for  which  it  may  be  mis- 
talcen.  The  extensive  adhesion  of  the  velum  to  the  pharynx  and 
the  occlusion  of  the  posterior  nares  are  more  frequently  due  to 
tut>erculosis  than  to  syphilis.  These  cases  are  often  combined 
witii  pulmonary   tuberculosis,   but   many    cases  ate  amenaW  \o 
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treatment  with  the  curette,  with  caustics,  or  with  the  actual  cai 
tery,  combined  with  the  local  application  of  iodoform  powder. 

Tuberculous  ozcena  occurs  independently  of  lupus,  and  it  ■£ 
pears  in  the  form  of  ulcerations.  This  affection  is  not  to  be 
fouuded  with  the  ordinary  so-called  "scrofulous  ozoena."  T 
formation  of  ulcers  occurs  chiefly  on  the  turbinated  bones,  Tb.^ 
are  irregularly  shaped  with  a  yellowish  purulent  surface.  Tl^fet  • 
appear  to  be  caused  by  infection  from  the  pocket  handkerchief  c^*-' 
taiuing  the  dried  sputa  of  the  patient 

Tuberculous  tumors  of  a  polypoid  shape  are  occasionally  fotr*^^ 
attached  to  the  septum.     They  resemble  sarcomata,  but  theyai^^ 
infiltrated  with  tubercular  nodules.     As  they  grow  they  may  per--**' 
forate  the  septum.     Their  point  of  origin  usually  enables  one  to 
distinguish  them  from  polypi. 

Tuberculosis  of  the  tongue  occurs  partly  in  the  shape  of  ulcers 
which  sometimes  are  torpid  and  sometimes  are  of  the  fungous 
variety.  It  appears  also  as  a  nodule  which  breaks  down  in  the 
centre.  Isolated  ulcers  may  be  mistaken  for  cancer,  but  they  cau 
generally  be  distinguished  from  that  disease  by  the  inflammatory 
infiltration  of  the  tissues  which  always  accompanies  tuberculosis. 
Volkmann,  however,  has  twice  extirpated  such  growths  under  the 
impression  that  they  were  cancerous.  The  nodular  form  may  also 
be  mistaken  for  syphilis,  but  in  the  later  stages  the  cheesy  suppu- 
ration serves  to  distinguish  it.  With  the  aid  of  cocaine  fragmeu 
of  tissue  can  always  be  removed  from  the  tongue  for  the  purpose 
of  microscopic  investigation:  the  exploratory  punch  is  particularly 
well  suited  for  this  purpose.  Examples  of  this  affection  are  v 
common  in  America.  The  writer  has  seen  but  one  well-marked 
case  of  tuberculosis  of  the  tongue.  The  apex  and  about  one- third 
of  the  lateral  half  of  the  tongue  were  involved  in  an  inflammatory 
swelling,  a  portion  of  which  was  ulcerated.  This  case  was  under 
observation  for  several  months  while  the  patient  was  treated  with 
injections  of  tuberculin.  On  the  borders  of  the  ulcer  minute 
whitish  tubercles  could  be  seen  during  the  periods  of  exacerbatk 
of  the  disease.  In  this  patient  there  were  slight  rales  at  the  aj. 
and  a  tubercular  abscess  at  the  anus.  The  improvement  in 
general  health  was  marked  during  the  treatment,  and,  altbouf 
after  several  months  of  treatment  the  nodule  had  not  diminisbi 
in  size,  yet  a  permanent  cure  was  finally  effected. 

The  disease  may  be  treated  by  excision  of  a  wedge-shaped  pic 
of  the  tongue  or  by  the  actual  cautery.     In  several  cases  rep- 
Volkmann    there    was    sv\\£&*^\.ei\t    oulmonary     tubercul< 
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although  other  cases  were  permanently  cured  by  the  operation.    In 

t-wo  cases,  which  he  examined  post-mortem,  the  whole  surface  of 

t^tie  tongue  was  covered  with  small  flat  ulcerations  the  size  of  a 

twin's  head,  which  ulcers  in  many  places  became  confluent.     Dur- 

i  rig  life  these  ulcerations  were  supposed  to  be  aphthous. 

Vol  km  an  n  has  seen  non-lupoid  tuberculous  ulceration  of  the  lip  on  two 
4|t_y«"rasions.  In  one  case,  that  of  a  young  girl  with  multiple  cutaneous  tuber 
^—  miosis,  the  ulcer  was  removed  by  a  V-shaped  incision.  In  the  second  < . 
^  -^aat  of  an  old  woman,  the  disease  had  been  mistaken  for  cancer  and  had  been 
_  -^-"eated  with  superficial  cautery.  This  ulcer  was  also  excised.  A  case  is 
^^^sported  of  a  woman,  thirty-two  years  of  age,  who  contracted  an  ulcer  on  the 
-  .^c^ner  antl  outer  surface  of  the  lip  from  her  husband,  who  was  suffering  from 
^         tubercular  ulcer  of  the  gum. 

A  considerable  number  of  cases  of  fistula  in  ano  are  of  a  tuber- 
_—-  -m_ilar  nature.  As  is  well  known,  this  affection  is  often  associated 
_^r- -  ■* *»  pulmonary  tuberculosis.  These  fistuhe  can  be  distinguished 
f^-om  the  non-specific  variety  by  their  tendency  to  form  fungous 
rt^-T^anulations  and  sinuses  in  the  mucous  membrane  and  the  skin. 
"W^'fien  these  sinuses  develop  externally  their  tubercular  nature  is 
^m.  jDparent  by  the  pale,  gelatinous  character  of  the  granulations  and 
fc>;>'  the  reddish-purple  color  of  the  thin  skin  which  covers  them. 
TT'hey  may  at  times  be  very  extensive,  extending  out  for  a  consid- 
^x^able  distance  into  the  nates.  The  skin  is  thin,  discolored,  and 
v-iiidermined  for  a  considerable  distance.  On  pressure  cheesy-like 
masses  and  a  thin  serous  pus  ooze  from  the  fistulous  opening. 

As  long  as  the  disease  is  confined  to  the  mucous  membrane  there 
appears  to  be  no  increase  in  size  of  the  glands  in  the  inguinal  region, 
\>tit  as  soon  as  the  margin  of  the  anus  or  the  skin  is  affected  these 
glands  are  sometimes  found  to  be  enlarged.     This  affection  usually 
"begins  in  the  mucous  membrane  of  the  rectum  as  the  result  of  an 
infection  through  some  slight  bruise  or  fissure.      An  ulcer  rarely 
forms  here,  as  is  usual  in  other  parts  of  the  intestinal  canal  when 
tubercular  infection  takes  place,  but  the  result  of  this  local  inocu- 
lation is  an  ischio-rectal  abscess.     The  bacilli  are  carried  through 
the  intestinal  canal,  as  has  already  been  seen,  and  they  are  thus 
brought  to  this  locality.     Occasionally  a  primary  infection  of  this 
perirectal  tissue  may  occur  through   an   intravascular  route,   but 
the  disease  is  most  commonly  developed  secondary  to  pulmonary  or 
buccal  or  intestinal  tuberculosis.    The  disease  must  be  treated  with 
the  same  attention  to  the  necessity  of  removing  all  tuberculous  tis- 
aa  in  case  of  tuberculosis  in  the  bones.     The  membrane  should 
be  curetted  away  thoroughly,  and  each  sinus  should  carefully  be 
followed  to  its  termination.     The  wound  should  then  be  stuffed 
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treatment  with  the  curette,  with  caustics,  or  with  the  act 
tery,  combined  with  the  local  application  of  iodoform  powd 

Tuberculous  ozoena  occurs  independently  of  lupus,   and  i 
pears  in  the  form  of  ulcerations.     This  affection  is  not  to 
founded   with  the  ordinary  so-called    "scrofulous  ozul-iiu. ' 
formation  of  ulcers  occurs  chiefly  on  the  turbinated  b« 
are  irregularly  shaped  with  a  yellowish  purulent  surface, 
appear  to  be  caused  by  infection  from  the  pocket  handkerchief 
taining  the  dried  sputa  of  the  patient. 

Tuberculous  tumors  of  a  polypoid  shape  are  occasionally  fl 
attached  to  the  septum.  They  resemble  sarcomata,  but  the 
infiltrated  with  tubercular  nodules.  As  they  grow  they 
forate  the  septum.  Their  point  of  origin  usually  enables 
distinguish  them  from  polypi. 

Tuberculosis  of  ike  tortgue  occurs  partly  in  the  shape  of 
which  sometimes  are  torpid  and  sometimes  are  of  the  fun 
variety.  It  appears  also  as  a  nodule  which  breaks  down  in 
centre.  Isolated  ulcers  may  be  mistaken  for  cancer,  but  the> 
generally  be  distinguished  from  that  disease  by  the  inflaiunu 
infiltration  of  the  tissues  which  always  accompanies  tubercul 
Volkmann,  however,  has  twice  extirpated  such  growths  unde: 
impression  that  they  were  cancerous.  The  nodular  form  may 
be  mistaken  for  syphilis,  but  in  the  later  stages  the  chee> 
ration  serves  to  distinguish  it.  With  the  aid  of  cocaine  fragn 
of  tissue  can  always  be  removed  from  the  tongue  for  the  pui 
of  microscopic  investigation:  the  exploratory  punch  is  particu 
well  suited  for  this  purpose.  Examples  of  this  affection  an 
common  in  America.  The  writer  has  seen  but  one  well-nnj 
case  of  tuberculosis  of  the  tongue.  The  apex  and  about  one- 
of  the  lateral  half  of  the  tongue  were  involved  in  an  inflamr 
swelling,  a  portion  of  which  was  ulcerated.  This  case  Wf 
observation  for  several  months  while  the  patient  was  treat* 
injections  of  tuberculin.  On  the  borders  of  the  ulcer 
whitish  tubercles  could  be  seen  during  the  periods  of  exa< 
of  the  disease.  In  this  patient  there  were  slight  rales  at  tl 
and  a  tubercular  abscess  at  the  anus.  The  improvement 
general  health  was  marked  during  the  treatment,  and,  alt 
after  several  months  of  treatment  the  nodule  had  not  dirni 
in  size,  yet  a  permanent  cure  was  finally  effected. 

The  disease  may  be  treated  by  excision  of  a  wedge-shaj 
of  the  tongue  or  by  the  actual  cautery.     In  several  cases 
by    Volkmann    tViere    was   subsequent    pulmonary     tuber 
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although  other  cases  were  permanently  cured  by  the  operation.  In 
ctwo  cases,  which  he  examined  post-mortem,  the  whole  surface  of 
tl*e  tongue  was  covered  with  small  flat  ulcerations  the  size  of  a 
pin's  head,  which  ulcers  in  many  places  became  confluent.  Dur- 
ing life  these  ulcerations  were  supposed   to  be  aphthous. 

Yolkmann  has  seen  non-lupoid  tuberculous  ulceration  of  the  lip  on  two 
gyC. easions.  In  one  case,  that  of  a  young  girl  with  multiple  cutaneous  tuber- 
c*.»1<»sis,  the  ulcer  was  removed  by  a  V-shaped  incision.  In  the  second  case, 
^_ \%%\.  of  an  old  woman,  the  disease  had  been  mistaken  for  cancer  and  had  been 
^i-^-ated  with  superficial  cautery.  This  ulcer  was  also  excised.  A  case  is 
y^rported  of  a  woman,  thirty-two  yens  of  age,  who  contracted  an  ulcer  on  the 
j  r-»  ner  and  outer  surface  of  the  lip  from  her  husband,  who  was  suffering  from 
^    tubercular  ulcer  of  the  gum. 

A  considerable  number  of  cases  of  fistula  in  a  no  are  of  a  tuber- 

^i_ilaT  nature.      As  is  well  known,  this  affection  is  often  associated 

^0  ith  pulmonary  tuberculosis.     These  fistulae  can  be  distinguished 

f^r<m  the  non-specific  variety  by  their  tendency  to  form  fungous 

gy-g-anulations  and  sinuses  in  the  mucous  membrane  and  the  skin. 

\,"VHien  these  sinuses  develop  externally  their  tubercular  nature  is 

z±  pparent  by  the  pale,  gelatinous  character  of  the  granulations  and 

h>>>  the  reddish-purple  color  of  the  thin  skin  which  covers  them. 

T*Iiey  may  at  times  be  very  extensive,  extending  out  for  a  consid- 

^■:r*.able  distance  into  the  nates.     The  skin  is  thin,  discolored,  and 

tj.  undermined  for  a  considerable  distance.     On  pressure  cheesy-like 

rri  asses  and  a  thin  serous  pus  ooze  from  the  fistulous  opening. 

As  long  as  the  disease  is  confined  to  the  mucous  membrane  there 
^-;p>pears  to  be  no  increase  in  size  of  the  glands  in  the  inguinal  region, 
t>*it  as  soon  as  the  margin  of  the  anus  or  the  skin  is  affected  these 
glands  are  sometimes  found  to  be  enlarged.     This  affection  usually 
V>egins  in  the  mucous  membrane  of  the  rectum  as  the  result  of  an 
infection  through  some  slight  bruise  or  fissure.     An  ulcer  rarely 
forms  here,  as  is  usual  in  other  parts  of  the  intestinal  canal  when 
vvibereular  infection  takes  place,  but  the  result  of  this  local  inocu- 
lation is  an  ischio-rectal  abscess.     The  bacilli  are  carried  through 
the  intestinal  canal,  as  has  already  been  seen,  and  they  are  thus 
brought  to  this  locality.     Occasionally  a  primary  infection  of  this 

I  perirectal  tissue  may  occur  through  an  intravascular  route,  but 
the  disease  is  most  commonly  developed  secondary  to  pulmonary  or 
buccal  or  intestinal  tuberculosis.  The  disease  must  be  treated  with 
the  same  attention  to  the  necessity  of  removing  all  tuberculous  tis- 
in  case  of  tuberculosis  in  the  bones.  The  membrane  should 
be  curetted  away  thoroughly,  and  each  sinus  should  carefully  be 
followed  to  its  termination.     The  wound  should  then  be  stuffed 
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with  iodoform  gauze.    Attempts  at  excision  with  subsequent  - 
ing  of  the  wound  are  more  liable  to  be  followed  by  a  recurrence 
the  disease.     The  presence  of  disease  in  the  lungs  is  not  n 
rily  a  contraindication  to  the  operation.      In  incipient  pulrm 
phthisis  there  is  no  objection  to  surgical  interference,  as  it  is  nc 
known  that  distant  parts  of  the  body  are  not  affected  by  auy  sti^ 
operations,  as  was  formerly  supposed  to  be  the  case.      A  somewl^   , 
analogous  form  of  tubercular  infection  is  observed  in  the  region  w     " 
the  appendix  and  caecum.      Here  also  there  is  a  certain  amount     ^ 
stagnation  of  the  intestinal  contents,  and  therefore  slight  inju^ 
to  the  mucous  membrane  are  likely  to  occur.      Another  pecultaru 
common  to  both  regions  is  the  presence  of  loose  connective  tissui 
immediately  outside  the  intestine.     This  tissue  is  found  behind  the 
caecum  as  well  as  around  the  lower  portion  of  the  rectum.     For 
this  reason,  perhaps,  the  disease  is  less  confined  to  the  mucous 
membrane,  and  it  takes  the  form  of  an  abscess  which  breaks  and 
leaves  a  fistulous  opening.    A  certain  number  of  the  cases  of  appen- 
dicitis that  come  to  suppuration  are  of  tuberculous  origin*    In  these 
cases  is  found  a  fistula  containing  fungous  granulations  which  may 
involve  the  skin,  and  it  heals  with  difficulty.     Tuberculosis  of  the 
mucous  membrane  of  the  rectum  may  occur  in  the  form  of  small 
tubercles  which  break  down  and  form  small  round  ukrers.      These 
tubercles  run  together,  forming  ulcers,  often  of  considerable  size, 
that  may  be  recognized  by  their  eaten-out  edjjes,  by  their  irregular 
surface,  and  by  the  presence  of  fresh  gray  and  yellow  softened  nod- 
ules in  the  borders,  base,  and  neighborhood  of  the  ulcer.      As  the 
disease  progresses  there  may  form  a  circular  or  girdling  ulcer  of 
the  rectum  which  leads  to  stricture  if  an  attempt  is  made  at  cica- 
trization.    In  most  cases  the  process  spreads  slowly  and  involves 
the  muscular  tissue,  and  perforation  may  take  place  into  the 
toneal  cavity  or  into  the  surrounding  connective  tissue,   forming 
abscesses  and  sinuses. 

Tuberculosis  of  other  portions  of  the  intestinal  canal   is  not 
infrequent  as  the  result  of  a  primary  infection  of  the  membrane 
by  impure  food  or  as  the  result  of  a  secondary  infection   from  the 
lungs  through    tuberculous   sputa   which   have   been    swalh 
This   form   of    tuberculosis   rarely    falls   to   the   surgeon's    h 
operate   upon   unless   perforation   or   obstruction   should   occur,    in 
which   case  laparotomy,  and  even   intestinal  resection,   might  be 
called  for.     One  or  two  such  cases  have  been  reported.     The  result 
of  intestinal  tuberculosis  is  not  infrequently  an   infection   or 
peritoneum. 
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3.  Tubercular  Peritonitis. 

Tubercular  peritonitis  occurs  at  all  periods  of  life.     It  is  com- 

jxx on  in  childhood,  but  is  seen  most  frequently  between  the  ages  of 

twenty  and  forty.     This  disease  is  most  prevalent  among  females, 

^1  though  of  21  cases  reported  by  Osier  15  were  males,  and  in  46 

g—^ses  examined  post-mortem  in  the  Munich  Pathological  Institu- 

t  ^  40ti  $$  were  males  and  only  13  were  females. 

There  are  three  types  of  this  form  of  peritonitis:  (1)  acute  mill- 

^  ^ry  tuberculosis  of  the  peritoneum,  characterized  by  a  sudden  onset, 

rapid  development,  and  a  serous  or  sero-sanguineous  exudation; 

:~^g.  )  chronic  caseous  and  ulcerating  tuberculosis,  characterized  by 

g^^rger  tuberculous  growths,   which  tend  to  caseate  and  ulcerate, 

l^^gr-ading  often  to  perforations  between  the  intestinal  coils,  and  by  a 

■^_irulent  or  sera-purulent  exudation,  often  sacculated;  (3)  chronic 

^-    -"^DTons  tuberculosis,  in  which  the  process  may  be  subacute  from 

-^-m^t  outset,  or  it  may  represent  the  final  result  of  the  miliary  form. 

L-^ittte  or  no  exudation  occurs  in  this  variety,  and  the  tubercles  are 

-^  ^»d  and  pigmented  (Osier). 

The  peritoneum  may  be  infected,  secondarily,  through  the  in- 
t«z-stines,  the  Fallopian  tubes,  and  possibly  from  the  pleura  through 
t"h«  diaphragm  or  from  the  mesenteric  glands.  It  may  also  become 
i  x-i  fected,  secondarily  to  pulmonary  tuberculosis,  through  the  circu- 
ls*  irion.  The  disease  may  also  occur  primarily  in  the  peritoneum, 
t»iit  this  is  rare. 

From  the  intestine  infection  may  take  place  through  tubercular 

vi Iterations,  as  there  is  always  a  formation  of  miliary  tubercles  on 

Vhie  surface  of  the  peritoneum  over  the  ulcers  when  these  reach  any 

considerable  size,  and  from  this  point  a  general  infection  may  take 

place.     The  bacilli  often  develop  in   the  lymphatic  vessels  of  the 

intestine  wu'thout  causing  ulceration,  and  they  are  carried  by  these 

vessels  to  the  mesenteric  glands. 

In  many  cases  the  infection  remains  localized  in  some  portion  of 
the  peritoneal  cavity.  The  commonest  seat  of  this  limited  tuber- 
culosis is  the  region  of  the  pelvis  in  the  recto-vaginal  or  recto- 
vesical fossae.  When  the  tubercular  virus  enters  the  peritoneum  it 
may  be  spread  about  by  the  peristaltic  movements  of  the  intestines 
or  it  may  tend  to  gravitate  to  some  one  of  the  pelvic  pouches. 
Localization  may  be  maintained  by  adhesions  of  the  peritoneal 
surfaces,  which  adhesions  are  sometimes  very  extensive.  The 
Fallopian  tubes  are  probably  a  frequent  source  of  tubercular  peri- 
tonitis, although  the  tubes  may  be  infected  from  the  peritoneum. 
Tubercular  salpingitis  is  a  complication  often  found  in  Uus  dis&a&t, 
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for  Osier  estimates  that  in  from  30  to  40  per  cent,  of  the  cases  t" 
tubes  are  affected.    In  many  cases  of  laparotomy  for  removal  of  b^ 
tubes  these  organs  are  found  diseased,  while  the  peritoneum  H 
healthy.     In  some  cases  the  disease  spreads  through  the  diaphra 
and  involves  the  pleura.    This  complication  occurred  in  ov 
out  of  seventeen  cases. 

When   infection   takes   place    through    the   mesenteric   gkv/,^ 
they  become  enlarged,  the  tubercles   making  their  way  tta&t»£# 
the  capsules  of  the  glands,  or  the  diseased  glands  undergo  cbaa*£^£* 
softening,  and  some  of  the  broken-down   material   is  dischargee?^, 
into  the  peritoneal  cavity.     Such  enlarged  glands  in  young  chil-^ 
dren   are  often  accompanied  with  distention  of  the  abdomen  and 
marasmus,  the  condition  being  known  as  tabes  mesenterua.     In 
most  of  these  cases  there  is  probably  more  or  less  tubercular  peri- 
tonitis.    Some  of  these  glands  may  grow  so  large  as  to  give  the 
appearance  of  an  abdominal  tumor.     Gardner  reports  such  a  case 
in  a  man  aged  twenty-one.     Colin  describes  three  cases  in  soldiers, 
in  whom  were  found  enormous  tubercular  tumors  of  the  mesen- 
teric glands.     In  the  majority  of  cases  the  extension  of  the  process 
in  the  peritoneum  goes  on  slowly,  and  it  is  accompanied  by  a  for- 
mation of  connective  tissue:  in  this  way  thick  and  extensive  adhe- 
sions form. 

When  the  omentum  is  involved  in  the  process  the  contraction* 
which  accompany  the  formation  of  adhesions  cause  the  omentum 
to  be   retracted  into  a   thick,  firm    lump,  which   lies    transversely 
across  the  abdomen  just  above  the  umbilicus.     A  more  or  less 
abundant  effusion  takes  place  at  the  same  time.    The  fluid  is  either 
greenish-yellow  and  turbid,  or  in  more  acute  cases  it  may  be  serous 
or  sero-sanguineous.    Iu  some  cases  the  exudation  may  be  purulent 
in  character.     Owing  to  the  simultaneous  development  of  adhe- 
sions these  exudations  become  sacculated.     The  omental  en!. 
ments  and  the  encysted  collection  of  fluid  often  give  rise  to  the 
appearance  of  a  tumor  growing  at  some  point  iu  the  abdominal 
cavity.     In  ninety-six  cases  collected  by  Osier  of  this  kind  3  per 
cent,  were  supposed  to  be  cases  of  ovarian  or  other  form  of  tumor. 
These  sacculated  exudations  may  be  fotmd  in  the  upper  part  of  the^ 
abdominal  cavity,   emanating  from   the  region  of  the  liver,   th« 
gall-bladder,  or  the  spleen.     They  may  be  seen  also  iu   the  mxdri 
part  of  the  abdomen.     Here   occasionally  a  cystic  accumulation 
occurs   between   the  layers  of   the   omentum,   assuming   at 
enormous  dimensions.     Such  au  accumulation  would  probably 
mistaken  for  an  ovarian  tumor. 
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These  exudations  may  occur  also  within  the  pelvis,  in  which 

case  the  disease  almost  always  starts  from  the  Fallopian  tube:  the 

croils  of  intestine  immediately  become  glued  together  about  the  dis- 

^-£ised  spot  and  shut  it  off  from  the  general  peritoneal  cavity.     In 

tliis  way  there   form   extensive   pus-cavities  which   give   rise   to 

^-v.  mptoms  of  acute  inflammation.     When  the  abdominal  cavity  is 

c^^iened  to  relieve  these  symptoms  the  intestines  are  found  studded 

-ith  tubercles.      A  number  of  such  cases  have  occurred  in  the 

Titer's  practice,  of  which  cases  the  following  is  an  example; 

A  woman  twenty-seven  years  of  age  had  been  slowly  losing  weight  for 
_-^^ro  years  when  an  attack  of  menorrhagia,  with  the  formation  of  a  tumor  in 
I  right  iliac  region,  brought  her  to  the  hospital.  She  remained  in  the  hos- 
tal  for  two  months  under  medical  treatment,  during  which  time  she 
iproved  so  much  that  she  was  discharged.  Eight  months  later  she  returned 
a  bad  condition.  There  was  general  abdominal  distention,  a  temperature 
I02p  F..  and  fluctuation  in  the  right  iliac  and  pubic  regions.  An  incision 
the  median  line  showed  the  intestines  everywhere  matted  together  and 
idded  with  gray  and  yellowish  nodules,  some  of  which  on  removal  were 
r^^-tifld  to  be  true  tubercles.  There  was  no  serous  exudation.  On  separating 
t  ~&r-x  c pelvic  adhesions  a  pint  of  very  foul  pus  was  evacuated.  A  drain  was  left 
,  and  the  patient  made  a  good  recovery.  There  was  no  sign  of  tubereu* 
&2».t  disease  in  any  other  part  of  the  body.  When  seen  a  year  later  she  re- 
Tied  that  she  was  in  good  health  and  had  married. 
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The  matting  together  of  several  coils  of  intestine  may  form  an 
almost  solid  movable  tumor  not  unlike  a  uterine  fibroid.  The  dif- 
ficulty of  diagnosis  in  such  cases  is  very  great. 

Owing  to  the  distortions  of  the  coils  of  intestines  by  the  pres- 
ence of  adhesions  the  mucous  membrane  may  ulcerate  and  per- 
foration  may   occur.       It   is  quite   possible  also   that   symptoms 
of   obstruction    may  be   produced  by  extensive  adhesions  of  this 
nature. 

Many  cases  of  supposed  tubercular  peritonitis  are  not  really 
tubercular.  Welch  describes  fibroid  or  lymph omatous  nodules 
occurring  in  chronic  serous  peritonitis.  J.  F.  Payne  describes  a 
case  of  minute  fibrous  granulations  of  the  peritoneum  associated 
with  growths  throughout  the  liver,  possibly  syphilitic.  A  careful 
examination  of  the  nodules  should  therefore  always  be  made  if 
possible,  and  the  presence  of  the  bacilli  be  determined  either  by 
the  microscope  or  by  inoculation  experiments  on  animals. 

Tubercular  peritonitis  is  an  affection  which  shows  itself  by  no 
We^ll-marked  and  constant  clinical  symptoms.  Its  onset  is  often 
veny  insidious.  The  infection  may  take  place  so  slowly  and  so 
linlessly  that  the  patient  may  not  have  presented  a  single  syiu\v 
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torn  of  abdominal  disease.     The  onset  may,  however,   I*-  Midden 
and  be  accompanied  with  all  the  symptoms  of  acute  peritonitis. 
Slight  fever,  occasional  vomiting  with  alternate  constipation 
diarrhoea,  may  be  the  first  group  of  symptoms.     On  exatnina 
of  the  abdomen  the  intestines  are  found  distended  with  gas,  and 
the  presence  of  ascitic  fluid  may  be  recognized  in  the  lower  por- 
tion of  the  peritoneal  cavity.     When  the   exudation    takes   place 
rapidly   it  is  often  mixed  with  blood.     When   the  gastric  symp- 
toms are  very  marked  the  disease   may  simulate   cancer   of  the 
stomach.     There  is  often  a  typhoidal  condition  which,  with  con- 
tinued fever,   may  lead  to  the  supposition   that   the  patient  has 
typhoid  fever;  but  occasionally  there  is  found  a  subnormal  tem- 
perature throughout  the  course  of  the  disease. 

The  prognosis  of  the  disease  is  exceedingly  unfavorable.      1 
either  an  indication  that  the  system  is  suffering  from   a  ge: 
tubercular  infection  or  that  disease  of  other  organs  ma\  follow  in 
its  track.     Thus  there  may  be  pulmonary  tuberculosis  as  a  sec- 
ondary infection.     In  the  graver  forms  there  nun   be  found  exten- 
sive amyloid  degeneration  of  the  internal  organs. 

It  is  now  a  well-recognized  fact  that  many  cases  recover  spon- 
taneously; it  is  even  possible  that  the  disease  may  run  a  latent 
course,  aud  a  cure  may  take  place  without  a  sign  of   the  < 
ence  of  peritonitis.      There  is  certainly  no  improbability-   in  the 
involution  of  tubercles  of  the  peritoneum  as  in  other  portions  of 
the  body.      The  tubercles  undergo  fibroid  and  pigmentary  ind 
tion  aud  the  exudation  is  absorbed.    A  certain  number  of  adhesi 
are  all  that  is  left  to  mark  the  site  of  the  disease.     The  cases  most 
likely  to  terminate  favorably  are  those  in  which   the  infection  is 
limited  to  the  peritoneum  and  is  of  only  moderate  extent. 

The  good  effects  of  laparotomy  in  the  treatment  of  this  disease 
are  now  generally  recognized.     In  1862,  Spencer  Wells  performed 
laparotomy  for  what  was  supposed  to  be  an  ovarian  tumor.     He 
found  a  tubercular  peritonitis.     The  effusion  was  withdrawn 
the  patient  recovered.     Since  then  cure  has  followed  many  snd#*; 
mistakes  in  diagnosis.     In   1884,  Z.   B.   Adams  opened   the 
toneum   for  purulent   peritonitis,   probably  of   tubercular  o: 
and  evacuated  a  large  quantity  of   pus,   the  patient  being 
and   in   good    health    ten    years   later.       In    a  case    of    explo^^ Ve 
tory  laparotomy  performed  by  Halstead  tubercular  peritor. 
found,  and  the  cavity  was  washed  out  with  a  sterilized  salt  sc^ 
tion  and  drained.     The  patient   made  a  good  recovery.     Sei 
months  later,  the  patient  having  died  of  pneumonia,  an  exam- 
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r  -£  on  showed  the  tubercles  still  present  and  containing  bacilli,  but 
—  x   udergoing  a  fibroid  change. 

The  cases  best  suited  for  operation  are  those  in  which  the  dis- 

j^se  is  confined  to  the  peritoneal  cavity — those  with  fresh  eruptions 

^id  considerable  effusion.     When  the  Fallopian  tubes  are  exten- 

-^.vely  diseased  and  the  tuberculosis  has  involved  the  uterus  or  lias 

■^gpread  through  the  diaphragm,  or  there  is  any  evidence  of  pul- 

aonary  disease,  the  conditions  are  unfavorable.     When  the  puru- 

uge  is  reached  the  chances  of  recovery  are  in  many  cases 

or,  but  the  evacuation  of  circumscribed  collections  of  pus  is 

^ways  indicated  unless  there  is  grave  constitutional  disturbance. 

Why    laparotomy    with    drainage    produces    such     a    radical 

flange    in    the    peritoneal    cavity    has    not    yet    been    explained. 

-t:  has    been    suggested    that    the    curative    action    is   due    to    the 

^^rmoval  of  the  ptomaines  which  accumulate  in  the  ascitic  fluid. 

Khe  operation  undoubtedly  produces  a  profound   disturbance    in 

tilie    processes   of  nutrition    of  this   membrane,   and    under   these 

czrircu instances  the  soil  may  no  longer  be  favorable  for  the  growth 

stxid   dissemination  of  the  bacilli.      The  absorbent  action  brought 

a,"bout    by   traumatic   inflammation,    so   common    elsewhere,    mav 

make   itself   felt   on    such   an    occasion ,    and   it    may    favor   the 

xiemoval  of  the  broken-down  products  of  the  disease. 


4.  Tuberculosis  of  the  Genito-urinary  Organs. 

Disease  of  this  region  in  women  occurs  in  about  1  per  cent,  of 
all  cases  of  autopsies  for  tuberculosis  (Winckel).     Tuberculosis  of 
the  Fallopian  tubes  can   occur  primarily,   but  it  may  also  occur 
secondarily  to  uterine  or  to  peritoneal  disease,  or  it  may  accom- 
pany disease  of  the  lungs  and  the  intestines.     It  is  found  in  child- 
hood, but  it  occurs  most  frequently  in  early  adult  life,  and  it  may 
follow  the  puerperal  state.    Usually  both  tubes  are  involved.    When 
both  uterus  and   tubes  are  affected   the  tubes  are  generally  more 
diseased  than  the  uterus.     It  appears  that  in  most  cases  the  disease 
begins  at  the  peritoneal  end  of  the  tubes,  and  works  its  way  down- 
ward through  the  uterus  to  the  vagina.     The  affection  begins  as  a 
catarrh  of  the  mucous  membraneT  in  which  are  seen  minute  gray 
or  yellowish-gTay  nodules.     The  canal    is  more  or  less  distended 
with  inuco-purulent  material.     Ulceration  takes  place  later,  and 
with  the  breaking  down  of  tissue  the  tube  is  filled  with  cheesy 
masses.     The  ulceration  may  result  in  perforation  of  the  wall  of 
the  tube.      In  advanced  stages  the  tubes  appear  coiled  and  dis- 
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tended  and  much   thickened    and    indurated.       Calcification  nuy 
take  place  in  the  degenerated  tissue. 

The  uterus,  as  has  been  seen,  is  usually  affected  secondar 
the  Fallopian  tubes,  or  the  bacilli  may  enter  from  the  peritoneum 
through  the   tubes  without   involving   the   latter.       In  a  cer 
number  of  cases  the  disease  is  undoubtedly  primary  in  the  uter 
and    it    is   said    by   some    to  result    from    the   entrance   of  bacilli 
during  coitus.     In  a  case  described  by  Post  the   patient  with  a 
tuberculous  testicle  had  a   purulent  discharge  from  the  urethra, 
which  on  examination  was  found  to  contain  large  numbers  of  the 
bacilli   of  tuberculosis.      Tuberculosis  may  follow  the    puerperal 
condition,  and  it  is  then  found  at  the  site  of  the  placental  inser- 
tion.    In  this  case  it  is  probable  that  the  disease  is  transmitted  to 
this  region  from  some  point  in  the  interior  of  the  body.      Many 
writers  concede  an  intravascular  infection  of  the  genital  orgai 
both  sexes.     The  disease  is  found  in  the  early  stages  at  the  fun 
and  it  works  downward   in  nearly  all  cases.     In  some  advanced 
stages  the  uterus  is  enlarged  and  the  cavity  is  filled  with  caseous 
material.     The  surface  of  the  membrane  is  roughened  and  ulcer- 
ated,  and,   although   miliary  tubercles  may   be   invisible   to   the 
naked  eye,  a  microscopical  examination  reveals  the  presence  of 
giant-cells   and    epithelioid    cells.     The   cervix   is   rarely   affected 
Cornil  and  Babes  found  in  six  autopsies  of  cases  of  tuberculc 
of  the  uterus    three  in    which   the    bacilli    were    abundant  ;    they 
were  difficult  to  find  in  the  other  three  cases.     Their  experience 
in  the  examination  of  the  tubes  was  about  the  same. 

The  disease  in   the  vagina  is  most  frequently  the  result  of  an 
infection  through  the  secretions  which  form  in  the  tubes  or  uterus. 
It  may,  however,  follow  a  tubercular  peritonitis  without  infection 
of  the  tubes  or  the  uterus.     A  few  cases  of  primary   tuberci. 
of  the  vagina  have  been  observed,  but  they  are  exceedingly  rare. 
If  the  uterus  is  not  involved,  the  urinary  organs  or  the  intestine 
will  probably  be  found  diseased.    The  vagina  may  become  infected,, 
by  a  perforation  of  a  tubercular  ulceration  of  the  rectum  throug* 
the   recto-vaginal   septum.       Cornil    and    Babes    found    bacill 
tuberculous  ulcerations  surrounding  a  recto-vaginal   fistula,   b;^^ 
were  unable  to  find  the  bacilli  in  two  other  cases  of  tubercu! 
ulcer  of  the  vagina.     The  tubercles  are  seen  in  the  early  stage 
the  affection  on  the  mucous  membrane  of  the  vagina  as  small  gr^s^  ^ 
nodules  or  as  larger  masses  with  cheesy,  ulcerated  surfaces.     Tbr-  * 
are  situated  in  the  middle  or  upper  portions  of  the  vagina. 

Tuberculosis  of  the  vulva   does  not  appear  to  be  a  co: 
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^^  Section.     Cay  la  reports   a   case   of  tubercular  ulceration  of  the 
j  ^gflibia  and   the  ostium  vaginae    in  a  case  of  advanced   pulmonary 
^ -«_aberculosis.     Cases  of  lupus   of  the   vulva   have   also   been  de- 
__  ^rribed*     It  is  conceivable  that  infection  might  take  place  from 
-a^ibercular  discharges  both  from  the  vagina  and  the  rectum.     In 
■any  cases  of  tuberculosis  of  the  lungs  and  the  intestinal  canal 
k  vagina  has  been  found  affected,  while  the  uterus  and  the  tubes 
rere  in  a  healthy  condition.     This  fact  suggests  an  infection  from 
le  rectum  through  the  anus  and  the  vulva.     When  an  organ  is 
cted  with  tuberculosis,  surgeons  are  accustomed,  in  deference 
1  tradition,  to  assume  that  the  disease  has  been  transmitted  to  it 
om  the  lungs  or  the  intestines,     Hegar  suggests,  in  addition  to 
~Xie  possibility  of  a  direct   infection  of  the   sexual  tract  during 
oitns,  an  infection  by  fingers  and  instruments  during  a  vaginal 
3'amination.    Gonorrhceal  infection  of  the  mucous  membrane  robs 
at  of  its  epithelium,    and  a  favorable  soil   is  thus  offered   for  the 
growth  and  spread  of  the  bacilli.     Such  gonorrhoea!  inflammation 
iay  spread  through  the  uterine  mucous  membrane  to  the  Fallo- 
-jpian  tubes.     In   this  and   in   other  ways  the  virus  may  gradually 
spread  from  the  original  point  of  infection  through   the  genital 
tract.     It  may  also  be  transmitted  from  the  primary  lesion  through 
the  rich  uterine  lymphatic  plexus  to  the  peritoneum,  and  thence 
find  its  way  through  the  Fallopian  tubes  into  the  uterine  cavity. 
If  disease  of  the  uterine  tract  were  suspected,  a  diagnosis  might 
be    established  definitely  by  a  microscopical  examination  of  the 
vagina]  secretion,  and  the  presence  of  the  bacilli  thus  be  deter- 
mined.    The  enlarged  and  thickened  tubes  could  be  recognized  by 
bimanual  palpation.     The  swollen  tube  may  form  a  tumor  the  size 
and  shape  of  a  goose-egg,  or  it  may  have  an  elongated  sausage-like 
feel  to  the  touch.     In  other  cases  it  may  be  felt  as  a  series  of 
nodules  strung  together.     In  some  cases  the  tubes  may  l>e  so  sur- 
rounded and   covered    by  an  adhesion  and   exudation   that   it  is 
impossible   to   detect   them.      Their   situation   is   often  changed. 
They  may  be  displaced  into  Douglas's  cul-de-sac,  where  they  are 
frequently  fastened  by  adhesions.     An  enlargement  of  the  uterus 
might  suggest  the  infection  also  of  that  organ.      Curetting  the 
inner  cavity  of  the  uterus  might  yield  material  for  a  microscopical 
examination. 

The  local  treatment  of  tuberculosis  of  the  uterus  and  the  vagina 
consists  principally  in  antiseptic  douches,  and  in  the  application  of 
iodoform  to  the  diseased  surfaces  after  the  use  of  the  curette  or  the 
cautery.     Inasmuch  as  the  tubes  seem  to  be  affected  primarily  in 
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the  majority  of  cases,   the  recognition  of   tnbercular 
before  the  other  organs  were  involved  would   be  of  itnporUnct. 
Laparotomy  for  the  removal  of  tubes  affected  with  tubercular dis. 
ease  has  frequently  been  performed  with  satisfactory  resni 

Tuberculosis  of  the  ovaries  is  much  rarer,  according  to  Kiel*, 
than  tuberculosis  of  the  uterus  and  the  tubes,  and  the  former  dis- 
ease does  not  occur  simultaneously  with  the  two  last-named  affec- 
tions.   Klebs  infers  that  it  must  become  infected,  therefore,  through 
the  circulation.     Quite  a  number  of  observers  have  found  diseased 
ovaries  in  connection  with  tuberculous  uterine  di 
found  tuberculosis  of  the  ovaries  seven  times  in  a  series  o! 
six  cases  of  tuberculosis  of  the  female  genital  organs.     The  organs 
are  enlarged  to  the  size  of  a  hen's  egg,  and  are  filled  with  r 
ous  nodules  and  cheesy  masses.       Some  cases  of  tuberculosis  of 
ovarian  cysts  are  reported.     The  surface  of  the   i  u  ftj* 

case,  studded  with  subperitoneal  tubercles.     In  two  cases  repotted 
the  adjacent  peritoneum  was  affected  in  one  and   the  tubes  in  O5* 
other.      Klebs  reports  a  case  of  ovarian  cyst  with  tubercle-  on  t 
inner  surface  in  which  the  infection  seems  to  have  proceeded  fi 
the  uterus.      It  is  not  probable  that  this  is  the  route  usually  tab 
but  that  the  ovaries  are  affected  either  primarily  or  simultaneous^ 
with  the  tubes.     If  the  diagnosis  of  tuberculosis  of  the  ovaries  wr^ 
made,  it  would  be  proper  to  remove  them. 

In  tuberculosis  of  the  genital  organs  of  man  the  bacilli,  accord 
tog  to  Cornil  and  Babes,  are  not  easily  found.  In  cheesy  degener^ 
tion  of  the  testicles  and  in  epididymis  it  is  often  the  case  that  uoff3 
are  obtained.  Kocher,  however,  was  able  to  find  bacilli  in  t 
periphery  of  a  tuberculous  nodule,  but  not  in  the  pus. 

Tuberculosis  of  the  testicle  usually  begins  in  the  epididymis, 
when  seen  in  the  early  stages  it  appears  as  a  nodule  whicl 
to  the  touch,  and  in  section  as  a  grayish-red.  firm,  home 
mass  that  has   no  well-defined  boundary,  but  shades  off 
surrounding  connective  tissue.    In  this  tissue  are  seen  the  roun 
oval  or  shrunken  cylinders  of  the  canals.    As  the  disease  p^ 
a  number  of  these  nodules  form.    The  canals  are  filled  with  btofe 
down  material  and  are  distended  considerably.    Occasionally,  « 
these  nodules  soften,  there  form  in  the  adjacent  tissue  small  abscesses 
which  frequently  break  and  become  fistulous  open: D 

In  the  testicles  the  disease  shows  itself  at  first  as  one  or  two 
large  nodules  which  may  involve  the  whole  or  a  large  part  of  tin 
organ.  These  nodules  soften  down  in  the  centre  and  form  srnal 
abscesses,  which  also  break  and  form  fistulas.     When  the  icstic  ic 
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^flfected  secondarily  to  the  epididymis,  there  are  found  a  number  of 
^tnall  nodules  in  the  otherwise  normal  tissue  of  the  organ.     When 
tlie  whole  testicle  is  involved,  a  section  shows  it  to  consist  of  the 
gelatinous  homogeneous  tissue,  in  which  lie  several  yellow  cheesy 
glasses  of  stellate  or  irregular  shape.      According  to  Kocher,   a 
^jiicroscopical  examination  of   the  tubercles  in  the  earliest  stage 
^i  their  development   shows  within  the  seminal  ducts  a  collec- 
tion of  giant-cells  and  epithelioid  cells  supported  between  the  two 
ers  of  the  membrana  propria  and  filling  out  the  lumeu.     The 
-tuberculosis  begins,  therefore,  as  an  intracanalicular  process.     As 
•clie  intracanalicular  masses  undergo  cheesy  degeneration  the  new 
tubercle  is  found  in  the  membrana  propria.      In  some  cases  the 
jxiembrane  seems  to  be  the  part  chiefly  affected,  the  amount  of  cell- 
formation  in  the  ducts  being  comparatively  slight.     The  neighbor- 
ing ducts  in  this  case  rapidly  become  involved.     In  other  cases  the 
stroma  seems  to  be  the  part  in  which   the  disease  is  situated;   but 
^s early  stages  of  this  process  are  not  seen,  it  is  probable  that  even 
tie  stroma  is  not  in  these  cases  the  primary  seat  of  the  disease. 
In  many  cases  the  testicle  is  no  doubt  the  region  in  the  genito- 
inary  apparatus  where  tuberculosis   begins.      The  bacilli  have 
been  found  in    the  seminal  ducts  and   in   the  semen   of  patients 
affected  with  pulmonary  tubercle   in  whom   the  testicles  showed 
no  sign  of  disease.     The  organisms  are  carried  to  the  organ  in  this 
case  through  the  blood-vessels,  and  are  transported  through  the 
epithelium    of  the  canals   into    the    lumen.      The    localization    of 
the  disease  in  this  organ  may  be  produced  by  trauma;  Simraonds 

(demonstrated  this  by  experiment  on  a  rabbit  An  emulsion  of 
tubercular  sputum  was  introduced  into  the  peritoneal  cavity  of  the 
animal,  and  a  few  clays  later  there  was  produced  a  contusion  of  the 
left  testicle.  The  organ  swelled  somewhat  at  first,  but  the  swelling 
subsided  in  a  short  time.  Two  months  later  the  rabbit  was  killed, 
and  a  general  miliary  tuberculosis  was  found,  with  a  broken-down 
nodule  of  considerable  size  in  the  left  testicle.  Gonorrhoea  is  not 
an  infrequent  predisposing  cause  of  the  disease.  In  fifty-two  cases 
of  tuberculosis  of  the  testicle  Kocher  found  that  in  fourteen  cases 
the  patient  had  suffered  from  gonorrhoea.  In  Simmonds'  sixty 
cases  eleven  had  had  gonorrhoea. 

The  question  is  often  discussed  as  to  the  direction  the  disease 

■   the  genito-urinary   organs.     Does    it   ascend   from   the 

urethra  or  the  testicle  to  the  kidney?  or  does  it  originate  in  the 

.;ey  and  descend  through  the  uro-genital  tract?     Rokitansky 

and  other  more  recent  authorities  are  of  the  opinion  that  the  dis- 
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ease  ascends   from   the  testicle,   but  Virchow  takes  ihe  opp*^-^ 
view.     Tubercular  disease  of  the  urinary  organs  is  rarely  fomx  -i 
connection  with  disease  of  the  testicle.    Tuberculosis  of  the  tea  <^- 
although  it  is  rare  as  a  purely  primary  disease,  is  often  found  >. 
out  tuberculosis  of  other  portions  of  the  genito-urina'  -~ 

Primary  affection  of  the  kidney,  with  subsequent  disease  l_»j- 
testicle,  is  not  so  rare  as  it  is  usually  supposed  to  be. 

Nevertheless,  the  usual  mode  of  progression  is  an  ascending*  ^ 
That  is,  the  disease  is  transmitted  from  the  testicles  to  the  00 
subsequently  to  the  prostate.    From  this  point  it  may  be  tran 
to  the  bladder  and  the  kidneys,  but  this  is  by  no  means  f« 
An   infection  of  the  other  testicle  occasionally  takes  place,    ji  js 
possible  that  disease  of  the  testicle  ms  ■   rise  to  \ 

tuberculosis,  and,  although   this  is  only  a  possibility,   it  i* 
theless  to  be  taken  into  consideration  in  deciding  upon  the 
ety  of  removing  the  testicle.    Salleron,  in  a  series  of  fifty-one  cues 
of  tuberculosis  of  the  testicle  and  the  epididymis,  found  other  organs 
affected  in  only  one  case. 

Coining  now  to  the  symptoms  of  the  disease,  it  will  be  found 
that  it  is  observed  principally  in  youth  and  in  early  manhood,  but 
it  may  also  be  found  late  in  life.     The  disease,  as  has  alrea<iv  km 
seen,  begins  in  the  epididymis  or  the  testicle  as  a  painful  sm 
which  reaches  its  full  growth  in  a  few  days  or  weeks,  and  it 
lowed  in  a  short  time  by  the  formation  of  an  abscess  and  the  estib- 
lishment  of  a  fistula  which  may  remain  unhealed  for  se\ 
The  progress  is  not  always  rapid,  and  the  swelling  may  last  s 
months   before   suppuration   takes   place.     A    long   interval  may 
elapse  before  the  other  testicle  is  affected.     The  local  tuber 
may  occur  without  any  sign  of  disease  of  the  lungs  or  of  the  uri- 
nary organs,  although  the  prostate  usually  will  be  found  in. 

The  vas  deferens  is  frequently  enlarged,  and  it  may  be  felt  as  a 
cylindrical  cord  or  as  a  chain  of  nodules.  This  enlarpj 
extend  for  a  few  centimetres  from  the  epididymis  or  it  may  be  fol- 
lowed to  the  ring.  It  is  rare  that  an  effusion  takes  place  hit"  (lit 
tunica  vaginalis.  The  walls  are  more  frequently  glued  together  by 
an  adhesive  inflammation. 

The  infection  of   the  vesicnla  seminalis  follows  disease  of  the 
vas  deferens.     It   may  also  follow  disease  of  the   bladder.    The 
walls  of  the  duct  are  thickened   and  infiltrated   and   its  ca\ ity  is 
distended  with  cheesy  pus.     When  in  this  condition  th< 
can  easily  be  felt  per  rectum:  they  may  reach  the  size  of  a  walnut- 
Abscesses  may  form  and  discharge  both  into  the  rectum  and  v\ie 
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tder.  Weichselbaum  found  a  perforation  of  one  of  the  larger 
is  of  the  pudendal  plexus  by  a  tubercular  abscess  of  one  of  the 
inal  vesicles.    The  prostate  is  usually  affected  at  the  same  time, 

chiefly  on  the  corresponding  side.  Abscesses  may  form  and  dis- 
rge  through  the  perineum. 

?rom  the  prostate  the  disease  may  extend  to  the  bladder  and 
iuce  multiple  ulcerations.  The  presence  of  tuberculosis  is  the 
se  of  frequent  and  painful  micturition  and  perhaps  hematuria. 
A.n  examination  of  the  urine  for  the  bacilli  (see  p.  58)  will  usu- 
r  settle  the  diagnosis.  Tuberculosis  of  the  bladder  rarely  occurs 
•pomen  :  according  to  Klebs,  it  is  seen  only  in  the  male  bladder, 
the  chance  of  a  progression  of  the  disease  from  the  vagina  or  the 
Iva  is  infinitely  less  than  from  the  prostate  in  man. 
Tuberculous  ulcers,  however,  have  been  seen  in  the  female 
Albers  reports  a  case  of  small  tubercular  nodules  near 
thra  and  in  other  parts  of  the  bladder.  The  left  ureter  was 
ed  with  tubercle,  and  there  was  tubercular  degeneration  of  the 
rfullary  tissue  of  the  left  kidney.  Winckel,  Hewitt,  and  Scan- 
ni  all  report  similar  cases.  Two. of  Winckel's  cases  were  second- 
In  one  case  the  disease  of  the  bladder  followed  that  of  the 
;  in  the  other  it  was  preceded  by  disease  of  the  kidney  and  the 
eter.     The  kidneys  are  often  involved  in  the  form  of  pyelitis  or 

cheesy  nephritis. 

Tuberculous  disease  of  the  testicle  is  so  often  followed  by  al»- 
cssand  fistula  that  the  diagnosis  is  not  usually  difficult  to  estab- 
The  so-called  "scrofulous  testicle"  presents  a  clinical  picture 
fficiently  characteristic.  The  scrotum  is  swollen  and  reddened, 
it  is  perforated  by  several  fistula?,  and  the  testicle  and  its  adjacent 
•uctnres  are  found  thickened  and  enlarged.  When  suppuration 
snot  yet  taken  place  the  diagnosis  is  more  difficult.  The  disease 
11  be  distinguished  from  syphilis,  as  the  peculiar  stony  hardness 
syphilitic  testicle  is  not  present.  A  chronic  enlargement  of 
icle  coming  on  after  a  slight  trauma  or  without  history  of 

iry  is  suggestive  of  tuberculosis,  and  this  suggestion  will  be 
;engthened  if  there  is  any  evidence  of  tubercular  disease  else- 
taere. 

The  disease  runs  a  milder  course  in  old  people  than  in  early 
ft  It  may  be  confined  entirely  to  the  testicle,  and  may  be  cured 
vithout  the  involvement  of  any  other  organ,  but  it  has  been  seen 
[hat  it  frequently  spreads  locally  and  that  it  may  be  followed  by 
miliary  tuberculosis.  Although  it  is  possible  for  a  cure  to  take 
place  without  operation,  the   function  of  the  testicle  is  probably 
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destroyed  in  all  cases.      For  these  reasons  the  removal  ol 
lous  testicle  is  strongly  advocated  by  most  surgeons.      Cash 
advised  even   when  ike  vesicufas  seminales  and  the  prostatt  are 
involved^  as  it  has  been  observed  that  disease  of  these  organ*  at 
well  as  of  the  bladder  has  undergone  speedy  improvement,  and 
finally  a  cure  has  been  effected.     Castration   is  therefore  indicated 
in  young  people  when  there  are  no  evidences  of  advanced  i 
or  of  lung  disease.     In  older  people  the  chance  of  a  cure  by  local 
treatment  is  much  better.     It  has  been  the  writer's  experience  that 
many  cases,  even  in  young  people,  when  the  course  of  the  disease 
has  not  been  too  acute,  do  well  without  operation.    Andrews 
14 1  have  repeatedly  ventured  in  Illinois,  where  tuberculosis 
less  prevalent  than  on  the  sea-coast,  to  take  the  patients  through 
the   whole   affection   without  other   operation    than    the  lancing, 
drainage,   and  cleansing  of  the  abscesses;    and  the   patients  have 
ultimately  done  excellently  well  and  no  infection  of  the  In: 
the  prostate  followed."     This  experience  has  certainly  been  the 
writer's  in  several  cases.     Sallerou  mentions  but  two  deaths  in  the 
fifty-one  cases  already  mentioned.     When  the  local  inflammation  & 
severe,  however,  and  there  is  considerable  constitutional  distant 
ance,  an  operation  is  advisable.    Such  a  case  occurred  to  the  wri  & 
recently  in  an  overworked  professional  man.     The  testicle  was-  » 
first  much  enlarged  and  there  was  considerable  effusion  into    cb» 
tunica  vaginalis.      A  few  months  later  an  abscess  formed  and    *\* 
scrotum  became  greatly  swollen  and  reddened.     There  were  gx-cj 
debility  and  an  evening  rise  of  temperature.    No  tuberculosis  coulrf 
be  discovered  in  any  other  portion  of  the  body.      Removal  of  \hc 
testicle  and  a  portion   of  the  cord,  which  appeared   to  be  bealtJrr, 
was  followed  by  rapid  improvement,  and  the  patient  now — sevejaj 
years  after  the  operation — is  in  excellent  health.      In  sonic  of  tbt 
less  acute  types  of  the  disease  the  sinuses  may  be  curretted  tbosr* 
oughly  and  dressed  with  iodoform.     Careful  attention  to  the  gen- 
eral health  and  to  the  surroundings  of  the  patient  is  of  great  im- 
portance.    The  old-fashioned  recommendation  of  a  long  sea- 
is  often  followed  by  excellent  results.     In  young  adult 
when  the  disease  comes  on  rapidly  and  an  enlargement  of  the  pro- 
tat  e  and  the  vesiculse  seminales  can  be  felt  in  the  rectum, 
tion  is  certainly  indicated. 

The  presence  of  tuberculosis  of  the  bladder  is  a  grave  o 
cation.     In  some  cases,  however,  a  cure  may  be  obtained  by  gp** 
eral  treatment,  combined   with   such   remedies  as  have  a  curativt 
effect  upon  the  vesical   catarrh  which    accompanies   the  disease- 
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ative  interference  is  hardly  indicated,  In  the  female  it 
d  be  possible  to  reach  and  to  cauterize  the  ulcers  by  means 
tginal  cystotomy.  Applications  could  also  be  made  through 
an  opening  to  the  diseased  surface  of  the  bladder.  Supra- 
2  cystotomy  might  enable  the  treatment  to  be  carried  on  in 
aine  way  in  man.  These  operations  would,  however,  be  indi- 
1  only  in  exceptional  cases. 

uberculosis  of  the  urethra,  a  very  rare  affection,  is,  according; 
aufmann,  always  part  of  a  generalized  tuberculosis.  Infection 
;  place  secondarily  from  the  bladder  or  the  prostate.  The 
atic  portion  is  frequently  the  part  affected,  and  also,  but  less 
.,  the  membranous  portion. 

rttesen  reports  a  case  of  tubercular  ulcer  of  the  meatus  in  a  phthisical 
it  seventeen  years  of  age.  There  had  been  painful  micturition  for 
time  ;  an  indurated  ulcer  occupied  one  side  of  the  meatus  and  extended 
■d  into  the  fossa  navicularis  ;  the  glands  in  the  groin  were  enlarged  ; 
was  enlargement  also  of  the  epididymis  and  the  prostate  ;  bacilli  were 
I  in  the  secretions  of  the  ulcer.  At  the  autopsy  there  was  found  exten- 
irogenital  tuberculosis:  the  right  kidney,  the  bladder,  the  prostate,  and 
albous  portion  of  the  urethra  were  affected. 

nglisch  describes  a  tuberculous  peri-urethritis  in  the  deeper 
ons  of  the  urethra.  It  may  exist  either  inside  or  outside  the* 
layer  of  the  superficial  fascia.  It  begins  with  a  discharge  of 
'onic  character  from  the  urethra,  followed  later  by  the  fontia- 
of  perineal  abscesses  and  fistula?.  Some  of  the  cases  of  incur- 
"  watering-pot  perineum  M  are  doubtless  tubercular  in  nature. 
jhans  reports  a  case  of  polypoid  tubercle  situated  in  the  ure- 
about  one  inch  from  the  meatus.  At  the  autopsy  there  were 
1  extensive  disease  of  both  kidneys,  ulceration  in  the  bladder, 
prostatic  urethra.  It  might  be  mentioned  here  that  Seun 
rts  a  case  of  tubercular  ulcer  of  the  dorsum  penis  that  might 
y  have  been  mistaken  for  chancre,  and  he  dwells  upon  the 
►rtance  of  remembering  the  possibilities  of  such  a  lesion  in 
ing  a  diagnosis. 

it  he rcu last's  of  tin  kidney  may  occur  either  as  a  miliary  tuber- 
sis,  as  a  part  of  a  general  infection,  or  as  a  nodule  or  tumor 
ansiderable  size.  In  u  nephro-phthisis,"  as  the  latter  form  is 
d,  there  are  in  the  renal  tissue  large  caseous  nodules  which  run 
ther,  and  involve  so  large  a  portion  of  the  organ  that  but  little 
thy  kidney  tissue  can  be  found.  Frequently  the  papilla?  are 
parts  first  affected  when  the  disease  has  invaded  the  pelvis  of 
tiey  from  below,   the  disease   working  its  way  along   the 
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mucous  membrane  of   the  urinary  passages.     But   the  pehri 
other  cases   may   become    infected   secondarily.       As   the    tisa^ 
breaks  down  it  is  discharged  into  the  pelvis,  and  the  ureter 
become  blocked  with  cheesy  debris.       In  this  way  pyoncphn 
may   occur.       There  may   be   some  enlargement   of   the 
during   the   development   of  the  disease,  but   it   is  offset  by  thcy 
shrinking  of  the   cavities  which    form   in   its    interior.     Wedge- 
shaped   tubercular   infarctions   are   sometimes   found   which   - 
gest  the   lodgment   of  an   infected  embolus,   probably   from  the 
lungs.     As  the  disease  progresses  there  is  frequently,   as   in   the 
lungs,  a  mixed   infection  of  the  pyogenic  cocci   with   the  bat 
and    a   suppurating   inflammation    hastens   the   process   of   disor- 
ganization.    When  this  disorganization  is  completed  the  capsule 
forms  a  thickened   wall  or  shell,   from  which  spring   septa,   the 
remains  of  the  connective-tissue  stroma,  the  capsule  enclosing  a 
cavity  communicating  with  the  pelvis  of  the  kidney.      The  walls 
of  this  cavity  are  lined  with  broken-down  tissue  and  cheesy  masses 
and  remains  of  the  kidney  structure.     When  there  is  great  dis- 
tention   from    obstruction    abscess  may  form,   or  rupture  into  the 
peritoneal  cavity  may  occur. 

The  tubercular  process  may  originate  in  the  kidney  as  the 
result  of  tubercular  disease  in  the  lungs  or  elsewhere,  or  it  may 
be  the  result  of  an  ascending  tubercular  infection  of  the  genito- 
urinary tract.  The  latter  form  of  origin  is  far  more  coraino 
men  than  in  women.  Tuberculosis  of  the  kidney  occurs  at  all 
periods  of  life,  being  found  in  children  as  well  as  in  adults,  but 
it  is  commoner  in  men  than  in  women. 

The  symptoms  are  those  of  chronic  pyelitis,  and  they  are  in 
way  characteristic  of  tubercular  disease.     An  examination   of  the 
urine,   however,   shows  the  presence  of  bacilli,   and    occasi 


and  casts.     If  the  urine  is  acid,  it  is  probable  that  the  kidney  ar 


also  minute  masses  of  cheesy   matter  in   addition  to  pus,    blood^ 

not  the  bladder  is  affected.     Inoculation  experiments  might  sct%v 
the  diagnosis  if  the  bacilli  could  not  otherwise  be  detected,     T^ 
presence  of  lumbar  pains  and  perhaps  of  an  inflammatory  swell -^    'r 
in  the  region  of  one  kidney,  or  possibly  a  tumor,  would  point 
that  organ  as  the  seat  of  the  disease.     Loss  of  strength  and  enu^j 
tion,  with  anaemia,  together  with  hectic  fever,  would  be  additi- 
evidence  in  favor  of  tubercular  disease. 

In  the  exceptional  cases  of  isolated  tuberculosis  of  the  kidn*> 
which  cases  are  exceedingly  rare — nephrectomy  has  succcssv 
been  performed.     If  there  were  indications  of  the   presence      ^>f 
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Jirge  pus-cavity  in  the  lumbar  region,  an  attempt  might  be  made 
t  ^>  open  and  drain  and  to  treat  the  diseased  surfaces  with  appro- 
priate remedies.     The  tubercular  membrane  would  not,  of  course, 
^^e  found  in  such  a  cavity,   but  a  great  deal  of  debris  could   be 
^ji^eraped  away,  and  under  favorable  circumstances  the  patient  might 
^--.^cover  with  a   urinary  fistula.     This   result,   although  it  exposes 
^J  le  patient  to  the  discomforts  of  such  a  fistula,   leaves  a  larger 
creting  surface  than  would  remain  if  one   kidney  had  entirely 
tn  removed. 

5.  Tuberculosis  of  the  Mamma. 

Tuberculosis  of  the  mamma  is  a  rare  disease.      Recently  Roux 
cceeded  in  collecting  the  records  of  34  cases,  in  2  of  which  the 
isease  occurred  in  males.     In  2  cases  both  breasts  were  affected. 
The  ages  varied  from  sixteen  to  fifty-two  years.      In  only  3  cases 
was  an  injury  supposed  to  have  been  the  cause  of  the  disease.     In 
2..%.  cases  the  disease  was  secondary  to  tuberculosis  elsewhere,     Man- 
dry  collected  40  cases,  in  21  of  which  there  was  histological  proof 
of  the  tubercular  nature  of  the  disease.     He  found  only  1  case  in 
-which  the  male  breast  was  affected,  which,  he  thinks,  shows  that 
the  functional  activity  of  the  gland  is  important.     The  ages  of  the 
patients  in  his  series  ranged  from  seventeen  to  fifty-two  years.    Most 
of  the   cases  seemed  to  develop  shortly  after  confinement.      In  8 
cases  the  patients  had  not  borne  children.     In  17  cases  the  disease 
was  in  the  right  breast  and  in  8  cases  in  the  left  breast.     In  7  cases 
no  glands  were  noticed;  in  17  cases  there  were  enlarged  glands, 
and  in  many  of  these  fistulas  had   formed.       The  glands  appear 
to  have  been  affected  secondarily,   and  not,   as  K6nig  suggests, 
primarily. 

According  to  Roux,  infection  appears  to  take  place  through  the 
blood-vessels  or  the  lymphatics,  or  by  the  breaking  of  tubercular 
foci  which  formed  in   the  adjacent  ribs  or  sternum.     Roux  also 
thinks  that  infection   may  take  place  through  the  ducts,  and  this 
appears  to  have  been  the  mode  of  entrance  of  the  virus  in  one  of 
uie  writer's  cases.      A  tubercular  cavity  about  the  size  of  an  Eng- 
lish walnut  formed  near  the  nipple  in  a  young  unmarried  woman 
about  twenty  years  of  age.     A  microscopic  examination  show 
the  presence  of  bacilli.      The  sinus  was  treated  by  curetting  and 
an  iodoform  dressing,  and  it  healed  without  further  infection  of 
the  gland. 

According  to  most  authorities,  the  principal   form  of  tuberculo- 
sis of  this  organ  is  a  primary  disseminated  or  confluent  type  of  the 
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disease.    There  may  also  exist  an  isolated  tubercular  nodule.    There 
is  also  the  cold  abscess  in  a  certain  limited  number  of  etM 
cording  to  Roux,   there  may  be  a  secondary  involvement  of  the 
organ  due  to  disease  in  adjacent  tissues. 

The  tuberculous  breast  is  sometimes  enlarged  and  sometimes 
it  is  smaller  than  normal.  It  is  often  riddled  with  GstHJfce,  and  the 
nipple  is  usually  retracted.  Pale,  flabby  granulations  protrude  from 
the  fistulous  openings,  and  pressure  brings  out  a  thin  t 
cheesy  masses.  It  contains  a  number  of  irregularly-shaped  swell* 
ings,  which  on  section  are  found  to  be  indurations  of  various  sizes 
in  which  there  are  irregular  cavities  with  prolongations  running  in 
various  directions  and  communicating  often  with  one  another.  The 
walls  of  these  cavities  are  lined  with  a  soft  yellowish-gray  mem- 
brane of  varying  thickness,  and  they  contain  cheesy  debris.  The 
surrounding  tissue  is  much  indurated,  and  is  dotted  over  with 
miliary  tubercles.  When  a  large  tubercular  nodule  forms  in  the 
breast,  a  lump  is  usually  seen  in  the  upper  and  outer  quadrant 
extending  to  the  axilla.  The  nipple  is  retracted  and  the  axillary 
glands  are  enlarged.  These  nodules  eventually  break  down  and 
tuberculous  fistulas  form.  In  cold  abscess  the  breast  is  more  or  less 
enlarged  by  a  fluctuating  tumor  which  is  situated  in  the  upper  and 
outer  quadrant  and  which  appears  to  be  secondary  to  suppuratit. 
glands.  The  lining  membrane  of  such  abscesses  is  the  fJHffHy. 
teristic  tubercular  membrane, 
situation. 


Miliary  tubercles  are  rare  in 


pot* 

S 


a* 


An  abscess  in  this  locality  was  once  sent  into  the  writer's  u.ird  as  a < 
of  malignant  disease.    An  exploratory  in cision  revealed  Us  nature.    Aoo 
case  illustrated  secondary  infection  of  the  organ.     A  large  collection  of  1 
Had  formed  beneath  the  gland,  and  had  already  burrowed  into  the  hreasft^ 
several  directions.     The  origin  of  the  pus-cavity  was  a  carious  rib      It        """^V. 
necessary  to  turn  up  the  breast  by  a  curved  incision  aloi,  w^  *«» 

in  order  to  reach  the  diseased  bone  and  to  check  the  burrowing  of  |> 
mammary  gland.    In  a  third  case  the  abscess  was  situated  in  the  1- 
isphere  of  the  breast  of  a  girl  eighteen  years  of  age  :  a  bacteriological  ej^^JT 
nnt ion  showed  the  presence  of  bacilli  in  the  abscess-walls.     The  abscess    ^ 
opened  and  healed  readily  under  an  iodoform  dressing. 

Under  the  microscope  are  found  a  large  number  of  small  tuber- 
cles  containing  giant-cells  in  and  around  the  tubercular  nodule* 
Clusters  of  epithelioid  cells  are  found  in  the  interstitial  tunic  u 
well  as  in  the  acini.  Many  of  the  giant-cells  appear  to  originate 
in  the  acini,  and,  according  to  Bender,  they  are  of  epithelial  or 
as  shown  by  Arnold  to  be  the  case  in  giant-cell  formation!  i  11  the 
heart  and  the  lungs. 


Patients  are  not  usually  aware  of  the  beginning  of  the  disease, 
II  nodules  are  accidentally  discovered  that  grow  slowly.      In 
/act,  the   axillary-gland   enlargement  may  have   been   noted    first. 
the  nodules  increase  in  size  the  skin  becomes  involved  and  the 
yiipple  retracts.     The  disease  may  last  a  long  time  without  special 
change,  but  finally  suppuration  takes  place  and  fistulas  form.    The 
development  of  a  cold  abscess  is  almost  without  symptoms.     The 
disease  may  be  mistaken  for  a  carcinoma  which  has  suppurated  or 
/or  a  submammary  abscess.    Exploration  with  the  punch  or  experi- 
mental inoculation  would  in  most  cases  settle  the  question.     In 
Uiore  than  half  the  cases  other  organs  are  involved,  but  the  prog- 
nosis is  favorable  if  the  disease  is  confined  to  the  breast. 

When  there  is  extensive  disease  of  the  breast  with  involvement 
of  the  axillary  glands,  and  other  organs  are  not  involved,  amputa- 
tion may  be  performed  with  a  careful  dissection  of  the  axilla. 
Attempts  to  treat  the  fistulas  by  curetting  and  the  application  of 
iodine  are  usually  followed  by  a  relapse.  This  clinical  experience 
in  accord  with  the  histological  examination,  which  shows  that 
the  disease  is  not  confined  to  the  pus-cavities  and  fistulas.  In  cold 
a!>scess  curetting  may  be  performed,  as  in  this  case  the  disease  is 
localized.  The  same  treatment  may  be  used  for  milder  forms  of 
the  disease  when  only  a  limited  portion  of  the  gland  is  involved, 

6.  Tuberculosis  of  the  Lymphatic  Glands. 

Tuberculosis  of  the  lymphatic  glands  is  a  more  common  affection 
than  any  of  those  hitherto  mentioned.    In  fact,  it  occurs  both  inde- 
pendently and  in  combination  with  all  the  forms  that  thave  been 
described.     All  those  types  of  disease  formerly  known  as  scrofulous 
glands  are  now  recognized  as  genuine  tuberculosis.     In  the  Bleg- 
dams  hospital  in  Copenhagen,  out  of  384  autopsies  of  children  who 
died  of  acute  infectious  disease,   198  showed  undoubted  tubercu- 
losis, and   in  all  these  cases  the  glands  were  affected. 

The  glands  of  different  parts  of  the  body  vary  greatly  in  their 
susceptibility.  On  the  surface  of  the  body  the  cervical  glands  are 
most  frequently  affected,  next  the  cubital,  and  less  frequently  the 
axillary  glands  (Volkmann).  The  glands  of  the  lower  extremities 
are  much  less  liable  to  disease  than  those  of  the  upper  extremity. 
Internally  the  bronchial  glands  are  frequently  involved,  but  the 
existence  of  such  disease  is  often  overlooked.  In  children  the 
glands  most  frequently  found  diseased  at  autopsies  are  the  cervical, 
the  mediastinal,  the  mesenteric,  and  the  retroperitoneal  glands. 
Babes  found  the  cervical,  bronchial,  and  mediastinal  £\awd«i  a£kt\&& 
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in  more  than  half  of  all  the  autopsies  performed  at  th>  en's 

hospital  at  Buda-Pesth  during  eight  veins. 

When  there  is  a  predisposition  to  tuberculosis,  simple  enlarged 
or  inflamed  glands,  due  to  catarrhal  or  to  cutaneous  affect  i 
remain  enlarged  alter  these  inflammations  have  subsided.  Theae 
glands  increase  in  size,  soften,  and  are  found,  on  removal,  to  be 
filled  with  tuberculous  deposits.  The  two  principal  fornix  ir  which 
tuberculosis  appears,  large  tuberculous  foci  with  cheesy  degenera- 
tion and  miliary  tubercles,  can  both  be  observed  in  perfection  in 
the  lymphatic  glands,  though  the  former  type  is  the  one  most  com- 
monly seen. 

When  an  enlarged  gland  is  removed  and  is  laid  open  with  the 
knife,  there  is  found  hypertrophy  of  the  glandular  tissue  that  si 
a  pale  transparent  and  uniform  surface.  In  the  centre  are  one  or 
more  cheesy  masses  the  size  of  a  ten-cent  piece.  A  careful  inspec- 
tion will  show  some  thickening  of  the  capsule  and  here  and  there 
a  miliary  tubercle.  In  a  more  advanced  stage  of  the  disease  the 
cheesy  masses  soften  down,  and  the  cavity  thus  formed  enlarges 
until  nearly  all  the  newly-formed  glandular  tissue  has  melted  av- 
and  finally  the  softened  material  breaks  through  the  capsule  of  the 
gland  and  makes  its  way  to  the  surface. 

A  microscopic  examination  reveals  the  presence  of  giant-cells 
and  epithelioid  cells  around  the  margins  of  the  cheesy  foci.     In  the 
miliary  form  well-marked  examples  of  submiliary  tubercle  abound. 
The  surrounding  tissue  shows  merely  the  structure  of  hypertrophi 
glandular  tissue.     In  the  earlier  stages  of  the  process  the  bacilli  an> 
found,  often  in  considerable  numbers,  as  the  soil   appears  to  »>* 
favorable  for  their  growth,  but  during  the  stages  of  suppuratioi 
may  be  impossible  in  many  cases  to  find  a  single  bacillus.      Xtv 
theless,  the  inoculation  of  the  cheesy  material  into  animals  alw 
reproduces  the  disease. 

The  most  frequent  seat  of  tuberculous  adenitis  with  which 
surgeon  has  to  deal  is   the  cervical  region.       The   most  com*- -^ 
sources  of  irritation  of  the  cervical  glands,  particularly  in  the  "^\' 
England  climate,  are   the  prevalent  chronic  catarrhs  of  the      ^^ 
or  the  throat.     Eczema  of  the  face  or  the  scalp,  or  chronic  in  6^, 
mation  about  the  eyes  and   the  ears,   may  also  be  the  \ 
departure  of  the  disease.     These  inflammations  are  rarely 
lar,  but  they  produce  hypertrophy  of  the  gland,  which  furnishes 4 
fertile  soil  for  the  bacilli.     The  bacilli  are  readily  grafted  up*»r 
inflamed   skin   or   mucous   membrane,  and    they   can   be  car: 
thence  through  the,  lymph-stream  to  the  adjacent  glands.     TV 
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enlarged  gland  may,  however,  receive  the  bacilli  from  the  circu- 
lating blood,  the  organisms  having  already  obtained  an  entrance   to 
die  body  elsewhere.     The  glands  enlarge  to  the  size  of  a  walnut, 
^nd  they  can  be  felt  as  nodules  lying  beneath  the  skin,  sonic  what 
•tender  to  the  touch,   but  freely  movable.     They  may  remain  in 
-£.  his  condition    for    years,    and    may   eventually    disappear    spon- 
taneously.      More   frequently  they  grow   gradually,   and,   by   the 
x^iatting  together  of  several   glands  from  capsular  inflammation, 
fV>rm  tumors  of  considerable  size.     They  are  usually  not  painful, 
^nd  they  may  remain  without  further  change  for  a  long  period. 
Tliey  are  not,  however,  absorbed.     At  some  moment,  when  the 
patient's  condition  has  become  enfeebled,  they  begin  to  soften  and 
to   present  some  of  the  symptoms  of  inflammation,  and  they  are 
much  more  tender  to  the  touch.     It  is  possible  in  such  cases  that  a 
mixed  infection  has  taken  place  and  that  true  suppuration  will 
follow.      More    frequently   a    chronic   softening   takes    place,    and 
fluctuation  gradually  makes  itself  apparent.     At  some  point  the 
skin  finally  becomes  adherent  to  the  tumor,  changes  in  color  to  a 
purplish    red,    and   finally    perforation    takes    place,    there    being 
discharged  either  tubercular  pus  or  a  small  amount  of  pus  mixed 
with  cheesy  debris,  and  perhaps  calcareous  masses.     Several  such 
openings  may  occur,  each  of  which  communicates  with  a  separate 
cluster  of  glands.     The  skin  becomes   undermined,  and  sinuous 
fistula*  and  pockets  are  formed  which   may  extend   even  beneath 
tHe  sterno-mastoid  muscle.     The  covering  to  these   cavities   is  a 
deep  red  or  a  purple  color,  and  may  be  as  thin  as  paper.     When 
the  skin  is  destroyed  in  this  way,  tuberculous  ulcers  form,  which 
alter  healing  leave  the  unsightly  scars  so  common   in  tuberculous 
or  "scrofulous'1  subjects. 

The  axilla  is  occasionally,  though  less  frequently,  the  seat  of 
tubercular  adenitis. 


A  young  woman,  seventeen  years  of  age  and  in  good  general  condition, 
presented  herself  at  the  hospital  recently  for  the  treatment  of  a  sinus  op 

on  the  inner  aspect  of  the  short  head  of  the  biceps  muscle.     On  probing, 

the  iinus  was  found  to  communicate  with  a  chain  of  glands  in  the  axilla 

extending  beyond  the  borders  of  the  pectoral  is  major  as  far  as  the  margin  of 

Miammary  gland.    Several  operation*  were  performed  on  this  patient :  the 

glands  were  carefully  dissected  out,  and  she  left  the  hospital  improved  in 

h     The  following  winter  she  returned,  hoping  to  get  some  benefit  from 

the  tuberculin  treatment.     At  this  time  the  disease  had  not  only  returned  in 

its  original  site  in  the  right  axilla,   but  it  had  also  spread  across  to  the 

loppr  The  supra-  and  infraclavicular  glands  on  both  sides  were  also 

Involved,  and  her  neck  was  riddled  with  tubercular  sinuses.    Thete.  -wa&  a\so 


a  case  ol  lietnorrtiage  irom  the  crural  artery,  the  result 
breaking  down  of  a  mass  of  inguinal  glands,  and  also  a  < 
secondary  infection  of  the  peritoneum  and  pleura. 

The  prognosis  of  tuberculosis  of  the  lymphatic  gland 
certain  stages  of  the  disease  not  unfavorable.  As  has  bee 
there  is  discovered  at  many  a  post-mortem  examination  i 
glands  whose  presence  during  life  had  not  been  suspected 
very  large  number  of  such  cases  leads  to  the  supposition  tl 
given  moment  such  glands  may  be  present  and  may  subse* 
disappear:  during  the  early  stage  of  the  glandular  affeetic 
are  undoubtedly  in  many  cases  curable.  When,  howev 
period  is  reached  when  several  glands  have  become 
together,  forming  a  visible  tumor  in  the  centre  of  which 
deposits  have  formed,  the  time  has  arrived  for  Operative 
ference. 

If  operative  treatment  is  carried  out  before  iU] 
established,  the  glands  can  be  enucleated  from  surro 
healthy  parts.  Every  effort  should  be  made  to  remove  2 
ments  of  diseased  tissue.  It  is  not  sufficient  to  shell  out  a 
the  most  obvious  nodules:  all  suspected  structures  sh< 
dissected  away,  and  the  whole  diseased  tissue  should  be  n 
en  masse  if  possible.  Senn  recommends  division  of  the  i 
muscle  for  the  removal  of  the  deeper-seated  glands, 
quent  suture  of  the  muscle.  The  disease  should  be  rcga 
one  which   must  be   treated   by  the  surgeon's  knife  ii 
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escape   the   dangers   of  pulmonary  or  of  acute  miliar)'   tubercuJ 
Josis.      Many  a  fatal   case  of  tuberculosis  bad   its  origin   in  the| 
1  scrofulous  ' '  cervical  gland. 
When  suppuration  is  established  and  a  cold  abscess  has  devel- 
oped* it  is  not  sufficient  to  open  the  abscess  or  even  to  curette  care- 
fully its  lining  membrane.      Usually  a  search  with  the  probe  will 
detect  in  the  deep  cervical  fascia  an  opening,  on  dilating  which 
the  remains  of  an  enlarged  gland  will  be  found  as  the  source  of  the 
suppuration.    This  gland  should  carefully  be  removed,  and  the  heal* 
process  will  thereby  greatly  be  accelerated.   When  a  small  gland 
softens  and  suppurates  and  becomes  adherent  to  the  skill,  the  entire 
diseased  mass  can  be  included  between  two  semi-elliptical  incisions, 
and  a  clean  wound  will  be  left  which  can  be  brought  together  with 
gtlilitc&i     When  the  skin  is  undermined  by  superficial  pouches  or 
bv  fistulous  tracts,  the  diseased  skin  should  be  trimmed  away  with 
scissors,  and  the  tuberculous  granulations  can  then  be  thoroughly 
scraped. 

The  importance  of  internal  treatment  in  these  cases  need  hardly 
be  dwelt  upon.  Much  may  be  accomplished  in  the  milder  forms 
of  the  disease  with  cod-liver  oil,  careful  diet,  and  suitable  environ- 
ment. Arsenic  is  supposed  by  some  writers  to  have  a  certain 
specific  action  upon  these  glands.  Nothing  definite  can  yet  be  said 
on  this  point,  but,  as  arsenic  is  also  a  useful  tonic,  it  is  at  least 
worth  a  trial  in  cases  where  there  is  no  great  amount  of  cachexia. 
Iodide  of  potassium  and  syrup  of  the  iodide  of  iron  are  also  valu- 
able agents  in  certain  cases. 

Primary  tuberculosis  of  the  connective  tissue  is  rare.       In    the 
great  majority  of  cases  the  disease  is  secondary  to  tuberculosis  of 
the  glands,   bones,   or  joints.      The    burrowing  of  a  cold   abscess 
infects  long  tracts  of  connective  tissue  and  fascia.*.     The  primary 
affection  occurs  in  the  panniculus  adiposus  in   small  children.     A 
number  of  small  nodules  form  beneath  the  skin  and  run  together, 
involving  later  the  skin   itself.      These  nodules  are   substantially 
the  gommes  tu&ermleuse*  already  described.     Fluctuation  is  ob- 
served" finally,  and  pus  is  discharged.      Volkmann  describes  these 
as  the  furuncular  form  of  skin  and  connective-tissue  tuber- 
Occasional  ly  the  pus  may  burrow  and  form  a  cold  abscess 
quite  independent  of  bone  or  joint 

7-  Tuberculosis  of  the  Tendon-sheaths. 

Tuberculosis  of   the  tendon-sheaths,   or   tendovaginitis  tuber- 
|       B,  may  be  either  primary  or  secondary.     The  secondary  form 
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^heaths  are  found  thickened  by  a  small-cell  infiltration  in  which 
&s&  found  giant-cells.      The  fibrous  layer  of  the  sheath  gradually 
disappears,    and   it    is    replaced   by    fungoid   granulations.      The 
visceral  or  peritendinous  layer  is  also  often  affected.     The  tendon 
i  n  this  case  appears  to  be  thickened,  and  its  sheath  is  covered  with 
^fibrinous  exudation.     Under  the  microscope  there  are  seen  on  the 
face    tubercular  products   in  a  state  of  fibrinoid  degeneration. 
Beneath  these  products  there  is  a  layer  of  highly-vascular  granula- 
tion tissue  containing  giant-cells,   and  next  the  tendon  there  is 
either  a  loose  connective  tissue  or  the  granulation  tissue  has  pene- 
trated into  the  substance  of  the  tendon  itself  (Garr€).    The  number 
of  tubercles  varies:  sometimes  they  are  found  quite  numerous  and 
arranged  in  rows,  each  one  being  encapsuled  in  a  ring  of  connec- 
tive tissue.     If  the  cavity  of  the  sheath  remains  well  defined,  there 
may   be  seen  several   layers  of  endothelium   upon   it,   but  this   is 
often  worn  away  at  the  points  of  greatest  friction,  and  there  are 
found  papillary  granulations  which  probably  are  the  beginning  of 
the  rice  bodies. 

In  the  hygroma  type  the  inner  surface  of  the  cyst  has  slight 
rescences  which  have  undergone  fibrinoid  degeneration.     By 
friction    these    excrescences    become    pediculated,    and    they   are 
entirely  separated  as  rice  bodies.     They  consist  of  a  stratified  or 
.1      structureless   fibrinoid    tissue    which   contains   only  a  few  cell- 
nuclei,  but  here  and  there  is  a  giant-cell  with  tubercle  bacilli. 
Tliese  bacilli  are  still  capable  of  growth,  and  when  the  rice  bodies 
art.*  introduced  into  the  tissue  of  animals  tuberculosis  may  be  pro- 
duced.    In  many  cases  the  inoculation  fails,  showing  that  active 
bacilli   are  not  always  found  in  these  bodies.     The  disease,   thus 
produced,  develops  slowly,  demonstrating  that  it  takes  a  certain 
amount  of  time  for  the  bacilli  to  be  liberated  from  their  somewhat 
dense  capsule.     The  wall  of  the  hygroma  cyst  is  also  found  to  be 
in  a  state  of  tubercular  degeneration.     Isolated  tuberculous  tumors 
are  occasionally  seen  in  the  tendon-sheaths,  similar  to  those  already 
spoken  of  as  occurring  in  the  joints  and  in  the  nasal  cavity.      The 
cell-growth  in  these  tumors  is  so  large  as  to  suggest  in  some  cases 
sarcomatous  tissue. 

The  symptoms  of  the  disease  are  quite  chronic  in  character,  and 

they  develop  very  slowly,  usually  dating  back  to  some  injury.    The 

swelling  found  at  that  time  does  not  go  down,  but  rather  increases 

in  size  and  becomes  painful.     The  tumor  is  flat,  oval,  or  sausage- 

•sf>aped»  and  it  is  soft,  elastic,  and  pseudo-fluctuating.     In  the  case 

°f  hygroma  the  fluctuation  is  quite  distinct.     When  the  diseased 
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ons  run  beneath  an  annular  ligament  a  constriction  is  found, 
ng  the  tumor  an  hour-glass  appearance-     The  palmar  bursal 
iors  of  the  hand  belong  to  the  hygroma  type  of  the  disease,  and 
ssure  above  and  below  the  annular  ligament  forces  the  rice  bod- 
to  and  fro  in  a  manner  quite  characteristic.     The  skin  is 
wived  at  first,  but  later,  when  suppuration  occurs,  it  may  become 
filtrated,  and  ulcers  and  sinuses  eventually  are  formed,     Tl 
ore  commonly  the  case  in  the  fungous  type.     True  cold  abscess 
s  rarely  seen.     When  cicatricial  contraction  sets  in  the  function 
the  tendon  may  seriously  be  interfered  with.     If  the  hygroma 
breaks  externally,  acute  suppuration  may  follow,  which   greatly 
impairs  the  use  of  the  hand.     In  some  cases  the  joint  over  vl 
the  tendons  run  may  become  involved  in  the  disease. 

The  tendons  most  frequently  affected  are  those  situated  on  the  ^ 
palmar  and  dorsal  aspect  of  the  wrist  (Fig.  82).     In  the  neighbor-^  ^_  ** 

hood  of  the  ankle-joint  is  found  th»^  !J^« 
fungous  form  in  the  perineal  sheath^     _^*M 
and  also  iu  the  tibialis  posticus  an*^ 
the    extensor    communis    digitorun*^ 
Ulceration   occurs   here   earlier  the  ^^,'^'• 
in  the  hand.     The  plantar  surface 
the  foot  is  not  affected.     In  the  ihmq-w    -« 
borhood  of  the  knee-joint  some 
tendons  may  be  affected  with  this  Oh. 
ease,  but  here  it  is  much  lesi 
moii. 

Secondary  tubercular  disease  of^-*- . 
tendon-sheaths  is  almost  alwavsofc-,, 
fungous  type.     It  is  important  tc*. 
ognize  this  complication  in  opt-r 
upon  the  joint:  otherwise  the  dis^^ 
tissues  may  be  overlooked.     Tl 
ferentiat    diagnosis    between    the 
mary  and  the  secondary  i 
hard  to  settle  if  the  joint  happcr 
be  affected. 

Fatty  tumors  are  also  rarciv  seta 
in  the  tendon-sheaths  under  the  naune 
of  lipoma  arborescens,   Sendler  rep^fc 
such  a  case  in  a  girl  fourteen  yearns  1 
age.     The  tumor  occupied  the  sheaths  of  the  extensor  tend 
e  hand,  and  when  removed  it  appeared  as  a  reddish-yellow  I 


the 


Fie.  82.— Tuberculosis  of  Tendon 
sheaths  or  Palmar  Bursa)  Tumor. 


]ated  mass  of  fatty  tissue  with  prolongations  extending  to  each  ten- 
don. Three  months  after  the  operation  the  patient  died  of  pulmo- 
nary tuberculosis.  Although  in  these  cases  the  presence  of  tubercles 
<|oes  not  appear  to  have  been  established  by  the  observers,  it  is 
probable  that  these  forms  closely  resemble  the  same  tumor  observed 

»in  the  knee-joint  in  which  miliary  tubercles  are  found.  Moreover, 
ifl  another  case  there  was  a  family  history  of  tuberculosis,  and  in  § 
third  the  patient  was  suffering  from  cachexia. 

Many  of  the  forms  of  primary  tuberculosis  of  the  tendon-sheaths 
may  be  treated  by  excision  of  the  diseased  mass. 

A  lady  sixty  years  of  age  consulted  the  writer  for  tuberculosis  of  the 
sbealhs  of  the  peroneal  tendons  at  their  point  of  contact  with  the  external 
malleolus.  The  disease  extended  nearly  to  the  point  of  their  insertion  and 
some  distance  above  the  malleolus.  She  had  suffered  in  her  youth  from 
caries  of  the  rib.  The  tendons  were  exposed  by  an  incision  about  five 
inches  in  length,  and  a  long  spindle-shaped  gelatinous  mass  was  carefully 
dissected  out,  leaving  both  tendons  clean  and  bright.  The  wound,  which 
was  complicated  by  sinuses,  healed  slowly  by  granulation.  Perfect  motion 
of  the  joint  was  obtained. 

When  the  elastic  tourniquet  is  applied  these  operations  can  be 
performed  without  hemorrhage  and  an  elaborate  dissection  can  be 
made.  In  the  palmar  bursal  tumor  the  annular  ligament  may  be 
divided,  if  necessary,  and  the  tendons  dissected  out  one  by  one. 
During  the  healing  process  the  tendons  appear  to  form  new 
slieaths  for  themselves  in  the  granulation  tissue,  and  the  func- 
tion of  the  tendons  usually  is  but  slighty  impaired  by  the  ope- 
ration. 

When  this  condition  is  secondary  to  joint  disease  the  operator 
must  pay  careful  attention  to  this  complication  in  performing  resec- 
tion of  the  joint.  When  resection  is  not  indicated  amputation  is 
probably  the  only  resource  if  the  general  condition  of  the  patient 
will  permit  of  such  an  operation.  The  prognosis  is  favorable  in 
primary  disease  of  the  tendon-sheath,  as  the  fibrinoid  type  of 
tuberculosis  is  not  likely  to  be  followed  by  metastasis. 

Tuberculosis  of  muscular  tissue  is  very  rare.     A  muscle  may, 
however,  be  affected  secondarily  to  disease  of  an  adjacent  bone. 

8.  Scrofula. 

Scrofula  is  a  name  that  was  formerly  given  to  a  large  propor- 
tion of  the  affections  just  described  as  tuberculous  disease,  and  the 
9/ttestion  naturally  arises  whether  there  are  any  affections  which 
o\i )d  still  be  classed  under  this  head.     The  name  is  derived  from 

t»     scrqfa%  a  sow,  to  indicate  the  peculiar  fulness  which  the  en- 
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larged  lymphatic  glands  give  to  the  neck.     As  is  now   known, 
these  glands  are  tuberculous,  but  there  still  remains  a  class  of 
inflammations   that   are   not   tuberculous    in   character,   to  which 
certain   children   are   liable,    and   which   some   authors   are 
inclined  to   include   under   the  head   of  scrofula,     Lauderer  de* 
scribes  two  types  of  scrofulous  patients — the  torpid  and  the  ere* 
ihitic.     The  former  is  the  type   generally  recognized    in  the  so- 
called  "scrofulous  child."     The  complexion  is  usually  of  a  pale- 
blond  or  pasty  hue;   the  hair  is  frequently  red;  the  features  an* 
coarse,  the  eyes  watery  blue,   the  lashes  long,  the  lips  thick,  th  4 
nostrils   large,    the  expression   dull,    and   the  figure   inclined  tm 
plumpness.       There   is   a   tendency  to  chronic  inflammations  c^ 
the  eyelids  or  of  the  cornea.     There  is  often  nasal  catarrh,  wr 
fissures  about  the  lips  and  nostrils,  and  pharyngeal  catarrh, 
enlargement  of  the  tonsils.     Such  patients  are  also  afflicted  w^S 
chronic  inflammation  of  the  ear,  and  are  likely  to  have  ecxematcz^ 
eruptions  of  the  face  and  scalp.     The  glands  of  the  neck  are  al; 
always  enlarged.     Such  children  have  a  tendency  to  catch  c^^- 
easily,  to  suffer  from  bronchial  catarrh,  and  they  are  a  con 
source  of  anxiety. 

In  the  second  type  the  erethitic,  the  children  are  of  dark  c^^ 
plexion,  nervous  and  restless.     They  possess  the  tendency  to  s^( 
cumb  easily  to  conditions  by  which  healthy  children  would  no»  -j  \ 
affected.     There  is  less  tendency  to  enlargement  of  the  glands*     ^ 
the  same  susceptibility  to  chronic  inflammatory  processes  exisL^ 

This  seems  a  somewhat  fanciful   sketch.     There  is,   ho\*  i 
this  foundation  for  it :   namely,  that  there  exists  a  type  of  f^ 
dren  who  are  subject  to  chronic  inflammatory'  infections,  and  \\% 
although  they  may  not  have  an  inherited  predi  a  to  tuber- 

eulosis,  nevertheless  are  more  susceptible  to  the  i  Lan  «e 

those   who  have  sound  constitutions.      It  is  possible,   moreover, 
that  rnauy  of  these  inflammations,  and  even  glandular  enlarge* 
ments,  may  be  due  to  other  microbes  than  the  bacillus  of  tuber* 
eulosis,  and  the  observations  and  experiences  of  quite  a  numb 
of  observers  appear  to  strengthen  this  opinion. 

Charrin  and  Roger  studied  an  organism  which  produces  a  lesio 
similar  to  that  produced  by  the  bacilli  of  tuberculosis.  They  (bun 
in  the  liver  and  spleen  of  a  guinea-pig  which  died  in  the  lab 
tory,  not  having  been  the  subject  of  experiment,  numerous  mimiti 
granulations  resembling  miliary  tubercles.  On  taking  gelatin  cul- 
tures from  these  they  obtained  at  the  end  of  forty-eight  hour*  J 
whitish  growth  which  grew  for  a  few  days  without  liquefying 


gelatin.  Under  the  microscope  the  organisms  appeared  as  movable 
bacilli  from  I  to  2  ft  in  length.  Inoculation  of  animals  subcutane- 
ous!)' produced  a  local  tumor  containing  cheesy  matter  and  accom- 
panied by  a  swelling  of  the  adjacent  glands.  At  the  autopsies  the 
spleen  and  kidneys  were  found  enlarged  and  full  of  miliary  nodules. 
A  large  number  of  experiments  with  this  organism  were  followed 
by  a  constant  result.  Pfeiffer  describes  also  a  short  bacillus  which 
when  introduced  into  mice  produces  enlargement  of  the  adjacent 
glands  and  nodules  in  the  spleen  and  liver,  and  also  in  the  in- 
testine. 

Cornil  and  Babes  report  two  cases  occurring  at  Bucharest  of 
acute  bronchitis  accompanied  by  the  formation  of  miliary  nodules. 
In  the  first  case  there  was  also  intermittent  fever.  At  the  autopsy 
miliary  tubercles  were  found  around  the  bronchi,  which  tubercles, 
when  examined,  were  found  to  contain  chains  and  clusters  of  oval 
microbes  about  o.&>  in  size.  Cultures  in  gelatin  produced  a  foul- 
smelling  bacillus  about  o.6/i  in  length.  In  the  second  case,  in  which 
there  was  no  malaria,  the  same  organisms  were  observed, 

Malassez  and  Vignal  as  early  as  18S3  described  under  the  name 
of  tuberculosis  zoogloeica  a  disease  microscopically  resembling 
tuberculosis.  In  the  centre  of  the  nodules  were  found  large 
zooglcea  masses  of  a  variety  of  different  organisms,  but  no  bacilli 
of  tuberculosis. 

Zagari  obtained  gelatin  cultures  at  ordinary  temperature  from 
tubercular  nodules  in  a  guinea-pig.     A  fragment  of  this  culture 
introduced  into  the  subcutaneous  cellular  tissue  of  another  guinea- 
pig  reproduced  the  same  disease  and  the  same  organisms.     Each 
nodule  under  the  microscope  appeared  to  consist  of  a  collection  of 
small  round-cells,  "infiltration"  cells,  and  leucocytes.     The  bor- 
ders of  the  nodule  were  not  well  defined,  but  the  growth  spread 
irregularly  into  the  surrounding  tissue.     Other  nodules  showed  the 
epithelial  type  and  occasionally  also  giant-cells.     Signs  of  hyaline 
degeneration  were  found  in  the  nodules  and  also  in  the  neighboring 
tissue.     In  the  centre  of  each  nodule  was  a  mass  of  peculiar  gran- 
ular consistency  which  appeared  like  cheesy  material.     By  a  some- 
what complicated  method  of  staining  it  was  found  that  these  central 
masses  contained  bacilli  with  rounded  ends,  ip.  long,  and  also  oval 
bacteria  from  0.4-0.8/1  long  and  about  0.3^  wide.     In  the  centre 
were  long  chains  and  threads ;  at  the  periphery  were  short  bacilli 
and  isolated  micrococci.     In  the  surrounding  granulation  tissue 
there  were  small  groups  of  micro-organisms,  some  of  which  were 
micrococci  and  some  diplococci,  arranged  in  coils  or  straight  liuej 
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all  apparently  phases  in  the  growth  of  the  same  organism.  After 
frequent  inoculations  the  type  changed  to  a  finer  miliary  nodule. 
To  reproduce  the  coarser  nodules  it  was  necessary  to  introduc 
small  amounts  of  the  culture  into  the  intestinal  canal  or  to  subject 
the  organism  to  the  d tying  effect  of  the  air,  or  to  a  lower  temper- 
ature, or  to  a  struggle  with  other  organisms.  Zagari  thinks  that 
this  virus,  which  is  evidently  widely  spread  in  nature,  should  be 
studied  with  reference  to  its  occurrence  in  man.  Some  of  the  cases 
of  peritonitis  reported  above  were  found  not  to  be  genuine  tubercu- 
lar disease. 

It  is  highly  probable  that  further  study  will  show  that  the  bacil- 
lus of  tuberculosis  is  not  the  only  organism  capable  of  producing 
this  type  of  chronic  inflammation  in  man.  Surgeons  are,  in  fact, 
still  but  on  the  threshold  of  this  line  of  investigation. 


XXVII.    DISEASES 


BONE. 


i.   Osteomalacia. 

Osteomalacia  is  a  disease  of  the  bones  in  adult  life  that  occurs 
most  frequently  in  puerperal  women,  but  it  is  seen  also  in  women 
who  are  not  in  the  puerperal  state  and  in  men.  It  is  characterized 
by  a  progressive  softening  of  the  bone-substance,  giving  rise  to 
deformity  and  sometimes  to  fracture.  The  first  change  noticed  in 
osteomalacia  is  a  gradual  absorption  of  tin  lime-salts  from  the  outer 


■ 


Fig.  83. — Trabecula  of  Bone  in  3  case  of  Osteomalacia — on  the  left  osteoclasts,  and  on  the 
right  osteoblasts  (oc.  3,  obj.  D.). 

layers  of  the  trabecular  or  those  layers  in  direct  contact  with  the 
medullary  tissue.  The  portion  of  the  bone  thus  decalcified  is  com- 
posed of  fibrous  or  striated  tissue  in  which  are  found  the  bone-cells: 

M7 
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these  ceils,  however,  have  changed  somewhat  in  shape,  having  lost 
their  prolongations,  and  some  of  them  having  entirely  disappeared. 
The  outline  between  the  bony  tissue  which  still  remains  in  the 
centre  of  the  trabecular  and  this  altered  tissue,  which  may  be  called 
*' osteoid  tissue/'  is  said  to  be  well  de6ned.    Sometimes  the  tral*c- 
ulse  become  quite  irregular,  presenting  indentations  or  the  so-calle«i/ 
"Howship*s  lacunae. "     The  bony  trabecular  become 
narrower,  and  they  may  disappear  entirely  as  the  disease  advaj 
leaving  the  osteoid   tissue,  which  in  its  turn  may  be  absorbed  b* 
the  action  of  the  osteoclasts.     In  case  of  improvement,  how 
the  lime-salts  may  be   deposited   again   and   the   trabecutx  ra^fe^ 
assume  their  former  condition.     In   well-advanced  stages  of  tif"^ 
morbid   process  destruction   and   repair   may   be   seen  «*■ 

simultaneously,    the   osteoclasts  causing   absorption  of  the   bor, 
tissue,  and  the  osteoblasts  formation  of  new  bone  (Fig.  k 

In  the  mean  time  the  medullary  tissue  throughout  the  bone 
undergoing   a    marked   change.      The   fatty   tissue   of  which   it 
mostly  composed  in  adult  life  is  infiltrated  with  round-cells,  *s 
there   is   also  hyperemia   of   the   blood-vessels;    which    affect 
changes  the  tissue  into  one  resembling  the  red  marrow 
This  tissue  appears  to  take  on  active  growth  and  to  deprive 
surrounding  bony  trabecular  of  their  lime-salts,  and  snbsequt 
to  break  up  and  absorb  the  decalcified  bone.    The  trabecular  ol 
spongy  bone  are  gradually  absorbed,  the  Haversian  canals  bee 
wider,  and  the  cortical  bone  is  soon  converted  into  spongy  b^ 
As  the  bony  tissue  gradually  melts  away   there   is   little  left 
marrow  and  periosteum  if  the  process  continues  long  <- 1 
84).      Bones  in  which  the  disease  has  made  much  progress  becon 
therefore,  soft  and  yielding,  and  they  are  easily  twisted  out  oi  ilua.jp 
or  are  broken,  and  they  can  readily  be  cut  through  with 
knife.     The  cortical  layer  of  a  long  bone  like  the  femur  sORKQflBfll  B 
becomes  as  thin  as  paper,  and  its  marrow  has  a  red  J 

spongy  took.     Numerous  hemorrhages  often  occur  in  the  \ 
medullary  tissue,  and  pigment  is  deposited.     This  new 
at  any  time  undergo  mucous  degeneration,  many  of  the  ce] 
appearing  and  a  gelatinous  intercellular  substance  taking  r 
or  it  may  appear  as  a  yellowish  fatty  tissue.    In  some  cases  ihej 
atinous  softening  takes  place  to  such  an  extent  that 
sometimes  of  considerable  size.     Later  it  may  resume  its  medulla 
activity  and  continue  the  destruction  of  the  bone,  for  it  would 
that  it  is  owing  to  this  unusual  activity  of  the  medullary  tissue! 
the  bone  is  deprived  of  its  salts  and  is  absorbed. 


D/SEASES   OF  BONE. 

U though  osteomalacia  is  regarded  as  a  degenerative  process, 
changes  seen  in  the  cellular  structures  closely  resemble  an  in- 
itiatory process,  so  far  as  the  formation  of  a  granulation  tissue 
mceroed;  but  there  is  not  found  other  evidence  of  bone-infiam- 


4. — Section  of  Femur  in  a  case  of  Osteomalacia:  below  is  the  medulla  rich  in  cells,  and 
above,  the  periosteum  (oe.  3,  ohj.  A.)„ 


on,  such  as  the  formation  of  new  bone.  One  indication  of  a 
trbance  of  nutrition  is  the  chemical  change  seen  in  the  bone  in 
disease.  The  presence  of  lactic  acid  in  excess  in  the  bones 
:ted  has  been  supposed  by  several  writers  to  be  the  cause  of 
absorption  of  the  lime-salts.  At  certain  periods  of  the  disease 
icacid  has  been  observed  in  the  urine.  This  acid  was  found  to 
inish  greatly  in  the  cases  reported  during  convalescence,  and  to 
ppear  entirely  with  cure.  Lime-salts  have  been  found  to  a 
limited  extent  in  the  urine.  A  chemical  examination  of  the 
!  shows  marked  diminution  of  the  gluten,  and  there  has  been 
i  in  the  urine  an  albuminous  substance  which  has  been  suo- 
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posed  to  be  connected  in  some  way  with  this  change.  The 
icance  of  these  chemical  changes,  however,  has  not  been  suf--^ 
ficiently  determined  to  throw  any  light  upon  the  origin  of  the^ 
disease. 

It  has  been  thought  possible  that  the  disease  might  be  of  \m 
terial  origin,   owing  to  the  fact  that  it  is  often  found   in  dftfiS}  9 
dwellings  and  it  has  followed  sudden  drenching  of  the  clothings^ 
Animals  improperly  fed  and  kept  in  damp  stalls  have  also  sufFerc^. 
from   the  disease.     In  a  certain  prison   in   Prague  the  disease  3£^ 
peared  to  prevail.     It  is,  in  fact,  more  frequent  in  certain  localiti  * 
than  others,  and  it  is  observed  frequently  in   Bavaria,  Westphalia 
Alsace,  and  along  the  borders  of  the  Rhine,  but  in  other  par 
Germany  it  is  extremely  rare.     It  is  rarely  seen  in  England  and      m 
America.    According  to  Busch,  in  1888  only  one  hundred  and  - 
cases  of  this  disease  had  been  reported.      Eighty- five  of  these  1 
were  women  in  the  puerperal  state,  and  all  were  between  twe 
and   forty  years  of  age.      Frequent  pregnancies  and  long  otn 
with  poor  opportunities  to  obtain  proper  nourishment,    seen^j 
have  been  the  condition  most  favorable  for  the  development  of     ^ 
disease  in  these  cases.      An  analysis  of  these  cases  shows  that   /jfc-^c 
pelvis  and  the  spine  are  the  parts  most  frequently  affected,  far  m^^m* 
so  in  puerperal  cases  than  in  non-puerperal  women  and  in  men.  r^^P 
the  latter  class  all  regions  of  the  skeleton  were  affected,  but  in  botw-^ 
classes  of  cases  the  disease  was  found  less  frequently  in  the  lieax^* 
than  elsewhere. 

Fehling  attributes  the  disease  to  a  pathological  increase  in  the 
activity  of  the  ovaries,  in  consequence  of  which  there  is  a  refits 
action  exerting  itself  upon  the  vaso-dilators  of  the  blood-vessels  of 
the  bones.     As  the  result  of  this  there  is  hyperemia,   under  the 
influence  of  which  an  absorption  of  bony  tissue  takes  place. 
view  is  based  upon  the  fact  that  a  marked  improvement  of  the  dis- 
ease has  followed  removal  of  the  ovaries.     Fehling  regards  osteo- 
malacia, therefore,  as  a  reflex  tropho-neurosis  of  the  osseous  system 
proceeding  from   the  ovaries.     Winckel  and  others  wl  had 

experience  in  ovariotomy  for  osteomalacia  do  not  accept  this  view. 

The  symptoms  of  the  disease  begin  usually  after  confinemer 
The  patient  complains  of  acute  pain  in  the  pelvis  and  in  the 
bar  region,  with  radiating  pains  down  the  thighs  and  up  the 
They  are  more  severe  at  night,  and  continue  throughout  the 
ress  of  the  disease.     The  morbid  change  almost  always  begv 
the  iliac  bone  in  puerperal  cases.      Pressure  or  movement  seems  to 
aggravate  the  paiu,  'which  is  brought  on  by  the  weight  borne  upon 
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the  pelvis  when  in  the  sitting  posture.  As  the  disease  spreads  and 
involves  the  .spine  and  the  inferior  extremities,  standing  and  walk- 
ing become  painful.  The  deformity  of  the  bones  now  becomes 
apparent.  If  the  spine  curves  forward,  there  is  lordosis ;  if  the 
fjHTVe  is  backward,  there  is  kyphosis,  and  with  this  malformation 
tfrie  ribs  are  often  pressed  in  upon  the  spine.  There  may  also  be 
lateral  curvature,  or  scoliosis.  The  vertebrae  are  compressed  by 
*>Tessure  against  one  another,  and  the  stature  of  the  patient  is  in 
t_liis  way  often  materially  diminished.  The  deformity  of  the  pelvis 
consists  principally  in  an  approximation  of  the  acetabula.  The 
promontory  of  the  sacrum  and  the  symphysis  pubis  are  brought 
^lose  to  each  other.     In  the  long  bones  fracture  often  occurs. 

The  deformity  of  the   pelvis   is  so  great    that  in  subsequent 

confinements,  notwithstanding  the  softening  of  the  bones,  normal 

delivery  cannot  take  place,  and  ovariotomy  or  Caesarian  section 

iiiust  be  performed.     In  the  extremities  the  softening  of  the  bones 

j^ermits   of    their   being    twisted    about   in    every    direction.       If 

x*erspiration   is   not   interfered   with,    the    internal   organs   usually 

j>e?rfonn  their  functions  well.     In  severe  forms  of  the  disease  there 

maybe  bronchial  catarrh  and  diarrhoea  with  cachexia.     In  some 

cases  there  is  often  a  spasmodic  action  of  the  muscles,  and  some- 

ti*nes  convulsions.     Fever  is  not  present  at  first,  but  in  the  later 

stages  a  hectic  fever  may  establish  itself  in  case  of  inflammatory 

cr^cznn plications.     A  remission  of  the   symptoms  often  occurs  after 

*~^~  crovery  from  a  confinement,  but  with  the  return  of  pregnancy  the 

<^  isetise  reappears.     The  intellect  does  not  seem  to  suffer. 

The  section  of  bone  shown  in  Figures  83  and  84  was  taken  from  a  ease 

spontaneous  fracture  of  the  left   femur.     The  patient,  a  native  of  Irc- 

icl  and  twenty-two  years  of  age,  was  confined  twenty -two  months  before, 

'ing  delivered  of  a  seven-months'  child.     Since  then  she  had  suffered  from 

*2^-~*  BElieBa  of  knee  and  pains  in  the  thigh  of  the  left  limb,  and  also  in  the  right 

*  ~Km>  j,     Tlii*  record  of  the  case  does  not  state  the  cause  of  fracture,  which  was 

^     tifae  junction  of  the  upper  and  middle  thirds  of  the  femur.     The  bone  fail- 

1  ~*~*  ig   to  unite  and  there  being  suspicion  of  malignant  disease,  the  thigh  wis 

*"■  *  ■ip»utated.     The  next   day  a   fracture   of  the  right  thigh  was;  discovered, 

^**"i*i.«:h   united  without   delay,  but  six  months    later  the  patient  was  still 

^*  ^»  a  We  to  stand  upon  it. 

The  prognosis  of  the  disease  appears  to  be  extremely  unfavor- 

^*-^>l«,  particularly  in  its  puerperal  form.     Of  87  such  cases  reported 

Lietzmann,  60  died,  although  it  should  be  said  that  a  majority 

these  cases  died  of  complications  occurring  during  confinement. 

^TK1"i.«  duration  of  the  disease  may,  however,  be  long,  varying  all 

**- Vi  ^  way  from  two  to  ten  years.     The  prognosis  is  somewhat  iuqtc. 


I-UUUIUUU     UI      U1C     UU14C&.  1  4iC     HTIJJCT.1J'     Will  lTU     llilS.     1IIUSL     U 

used — namely,  the  phosphate  or  carbonate  of  lime — is  th 
some  to  be  worthless  and  to  throw  additional  work 
kidneys;  but  the  fact  remains  that  there  is  an  unusual  di 
the  system  of  these  chemical  substances,  and  an  arlifici; 
may  at  least  tend  to  restore  the  desired  equilibrium.  Th< 
ment  of  food  rich  in  lime-salts,  such  as  vegetables,  fish,  a 
and  porter,  is  recommended.  Careful  attention  to  th< 
probably  the  most  important  requirement  in  the  manag< 
the  case.  Cod-liver  oil  (with  or  without  phosphorus)  am: 
tonics  frequently  recommended  for  this  affection.  They 
specific  action  upon  the  processes  going  on  in  the  bone, 
serve  the  purpose  of  maintaining  the  patient's  strength, 
placing  the  system  in  a  condition  more  favorable  for  t 
processes.  Women  should  be  warned  of  the  dangt 
pregnancy. 

Recently  ovariotomy  has  been  performed  for  this  affec 
the  early  Porro  operations,  which  were  performed  on  woi 
rachitic  pelves,  it  was  found  that  a  rapid  improvemer 
disease  followed  the  operation.  It  occurred  to  Fehliug,  t 
to  try  the  effect  of  the  removal  of  the  ovaries.  Winckel 
that  the  operation  should  be  limited  to  such  cases  where 
methods  had  failed  and  the  patients  had  already  hi 
children.  The  first  operation  of  this  kind  was  performed 
and  since  that  time  41  cases  have  been  oper 
*;  deaths,  or  a  mortal itv  of  12  tvm*  rent.      Of  th<><u»  rasM. 
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jrro's  operation  (removal  of  the  uterus  and  ovaries)  is  the  one 
bich  should  undoubtedly  be  chosen. 


Rac 


2.   Rickets. 


achitis,  or  rickets  (/&<fy«C,  a  spine),  is  a  disease  of  infancy  and 
lildhood  characterized  by  a  disturbance  of  nutrition  and  an  irreg- 
ar  development  of  boue>  causing  a  change  in  its  composition, 
\iure,  and  form. 

The  period  of  life  at  which  this  disease  is  most  commonly  seen 

in  the  first  and  second  years.  In  a  series  of  cases  compiled  by 
radforoV  and  Lovett,  710  occurred  in  the  first  year,  831  in  the 
coud  year,  332  in  the  third  year,  50  in  the  fourth  year,  27  in  the 
"tli  year,  and  after  that  period  26  cases  only.  It  seldom  begins 
=fore  six  months  or  after  three  years.  Rickets  is  occasionally 
en  in  individuals  at  the  age  of  puberty,  although  the  affection  at 
lis  period  is  rare. 

It  is  an  old  theory  that  rickets  is  due  to  an  abnormal  develop- 
cnt  of  acids.  Heitzmann  suggested  that  it  may  be  due  to  the 
resence  of  lactic  acid.  This  acid  is  supposed  to  be  formed  in  the 
:xly  as  the  result  of  digestive  disturbances,  acting  as  an  irritant  on 
i.e  bone-forming  tissues  and  causing  solution  and  excretion  of 
me-salts.  According  to  other  authorities,  the  absence  of  lime  is 
cplained  by  its  insufficient  administration  in  food.  Kassowitz 
Llled  attention  to  the  great  vascularity  of  the  medullary  tissues  in 
chitic  bones,  and  he  sought  in  this  condition  of  the  bone  an 
:planation  of  the  disease,  which  he  assumed  was  due  to  inflam- 
atory  hyperemia  of  the  osteogenic  tissues. 

Pommer,  seeing  the  early  and  frequent  disturbances  in  the  motor 
stem  in  this  disease  and  the  frequent  complications  of  the  nervous 
stem,  advanced  the  theory  that  the  disease  has  its  origin  in  the 
nervous  system.  According  to  Monti,  the  cause  of  rickets 
s  in  a  defective  nutrition  of  the  affected  children.  All  forms  of 
ttriinent  which  cause  dyspepsia,  and  consequently  makssimila- 
>n,  or  which  do  not  contain  the  proper  nutritive  elements,  bring 
n.  rachitis.  The  artificial  feeding  of  children  with  patent  foods 
Lasbeen  thought  to  be  a  fertile  source  of  the  disease.  In  menage- 
ries, where  animals  live  under  highly  artificial  conditions,  rickets 
II  often  seen. 

I  Any  disease  or  condition  of  life  which  favors  debility  in  an 
infant  serves  as  a  predisposing  cause.  Bad  hygienic  surround- 
ings, damp  dwellings,  crowded  tenements,  and  poor  ventilation  are 
Additions  under  which  the  disease  seems  to  thrive.     Acute  febrile 


uch  less  common  among  the  children  of  Irish  parent 
negroes  are,  almost  without  exception,  rachitic.  The  disp 
in  the  colored  race  seems  to  be  an  acquired  one,  for  it  is  sa 
native  Africans  seldom,  if  ever,  show  any  evidence  of  the  di 

Rickets  may  develop  during  intra-uterine  life  (foetal  rick* 
it  may  begin  then  and  develop  fully  after  birth  (congenital  ri 

The  principal  pathological  change  is  seen  at  the  epiph 
of  long  bones  and  beneath  the  periosteum.     It  consists  app 
in  an  insufficient  supply  of  lime-salts  to  the  bone,  and  is  cha 
ized  by  an  extensive  absorption  of  bony  tissue  and  the  for 
of  bone  without  lime-salts,  or  the  so-called  M  osteoid  tissue/ 

A  description  of  the  normal  ossification  of  long  bo; 
epiphyseal  line  serves  to  make  clearer  the  peculiar  changes 
rickets.     Near  the  line  where  cartilage  aud  bone  come  in 
are  seen  the  cartilage-cells  beginning  to  increase  in  mini  be 
as  this  line  is  approached  they  are  arranged  in  columns.      A 
close  to  the  line,  these  columns  are  found  to  contain  cartilaj 
closely  packed  together  and  much  increased  in  size.    These  c 
are  characteristic  of  active  growth  in  the  cartilage.     At  the 
junction  with  the  bone  it  is  found  that  the  further  growth 
cartilage  is  arrested  by  the  deposition  of  a  narrow  layer  o 
salts.     Directly  below  this  calcified  layer  is  the  medullary-  ti 
the  bone,  with  its  loops  of  blood-vessels  pushing  up  agai 
calcified   zone,    which    it   presently   absorbs.     The   cartik: 
lose  themselves  in  the  advancing  medullar)'  tissue,  some  c 
probably  becoming  marrow-cells.      As  these    finger-lik 
of  vascular  tissue  push  their  way  up  into  the  cartilage.  I 
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it  is  wanting  entirely;  in  moderate  rickets  traces  of  it  may  be  found 
here  and  there.  The  next  most  important  change — and  one  that 
u  ever  fails — is  the  increase  in  size  of  the  zone  of  active  cartilage- 
cerll  growth.  The  columns  of  crowded  cartilage-cells  extend  over 
&  much  greater  area  than  normally.  The  third  important  change 
js  the  formation  of  the  most  irregular  and  enlarged  and  highly- 
-v-sascular  medullary  spaces,  which  grow  up  into  the  cartilage  in  the 
t*iost  tortuous  shapes  (Ziegler).  The  white  line  of  calcification 
t»etween  cartilage  and  bone  is  therefore  wanting;  the  growing 
^^rtilage  forms  a  very  broad  transparent  layer,  and  the  boundary- 
|  ine  between  cartilage  and  bone  is  most  irregular.  Patches  of  car- 
tilage are  consequently  seen  still  unaltered  much  below  the  upper 
^r<3ge  of  the  bony  tissue.  The  rest  of  the  cartilage,  as  it  is  gradually 
enveloped  by  the  vascular  medullary  tissue,  changes  into  osteoid 
>sue.  A  zone  of  osteoid  tissue — that  is,  bone  which  has  not  yet 
lj>«corae  calcined — is  formed  beneath  the  cartilage.  This  zone  is 
^-onsequently  more  or  less  soft  and  yielding,  and  it  has  a  tendency 
-to  bend  under  pressure. 

These  osteoid  trabecular  have  no  regular  form  or  arrangement 
J  x  Jte  the  normal  bony  trabecular.  Still  lower  down  are  found  lime- 
ssalts  deposited  in  the  central  axes  of  these  trabecular,  and  in  this 
-«^^a.y  a  layer  of  partially  ossified  substance  is  formed.  In  the  peri- 
«z»steal  layer  of  growing  bone  spongy  bone-tissue  forms,  partly  by 
fc.  hie  absorption  of  old  bone  and  partly  by  the  formation  of  osteoid 
tissue,  so  that  when  the  disease  is  well  advanced  the  surface  of 
"bones  is  covered  with  a  highly  vascular  tissue  which  offers  resist- 

i-aLXioe  to  firm  pressure,  but  which  can  easily  be  cut  with  a  knife. 
"While  in  this  stage  of  the  disease  the  condition  of  the  bone 
Tes«mbles  strongly  that  seen  in  osteomalacia;  the  difference  lies  in 
the  process.  The  layer  of  bone  which  has  no  lime-salts  in  it  is,  in 
th.^  case  of  osteomalacia,  decalcified  bone;  in  rickets  it  is  newly- 
fox"*ned  osteoid  tissue.  The  bone  which  contains  lime-salts  is  in 
osteomalacia  always  old  bone;  in  rickets  it  is  partly  old  and  partly 
ne"^ly- formed  bone  (Ziegler). 
As  a  result  of  the  disturbance  of  the  process  of  ossification 
thi^re  is  thickening  of  the  ends  of  the  bones,  caused  by  a  growth 
oF  epiphyseal  cartilage.  The  periosteal  growth  of  uncalcified 
osteophytes  causes  a  thickening  of  the  shafts  of  long  bones  and  of 
the  outer  table  of  flat  bones.  When  a  cure  finally  takes  place  the 
bones  appear  unusually  thick  and  heavy.  The  bones  often  fail  to 
at  Cain  their  full  growth,  owing  to  this  disturbance  at  the  growing 
point,  and  as  a  result  of  the  yielding  nature  of  the  new  tissue  they 
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are  unfit  to  perform   their  functions  properly,    and   they  become 
bent  by  pressure  or  twisted  out  of  shape  by  muscular  aetiou.     It 
the  periosteum  of  a  long  bone  is  the  principal  seat  of  the  diseast^J 
the  shaft  of  the  bone  becomes  curved;  if,  however,  the  disturbance 
is  greater  in  the  epiphyseal  line,  there  will  be  a  crook  at  the  en.* 
of  the  bone  when  pressure  is  brought  to  bear  upon  it.     In  con 
quence  of  these  changes  in  the  skeleton   the  subjects  of  rick 

become    not  only   deformed,   but 
often  greatly  stunted  in  their  grow^^J 
(Fig-  85)- 

The  accompanying  illustration  (Pig. 
is  from  a  drawing  of   the  skeleton 
Indian,    twenty-one    years   of   age,  otk 
the  Six  Nations,    His  mode  of  locoino-*^ 
was  by  a  large  wooden  bowl  in  wbict-^    . 
sat,  and  moved  forward  by  ad'.  f- 

one  side  of  the  bowl  and  then  the  otb^f-  l 
means  of  his  hands.     The  nodules  or  "♦  m^m 
ventUious  joints"  were    "the  result  of 
perfect  ossification,  or,  in  other  words,    ^ 
motion  before  unification  -a  . .-.  .    n  , 


The  principal  deformity  of  the  Ii 
appears  to  consist  in  an  enlargement «— g»i 
its  transverse  diameter,  and  their 
great  prominence  of  the  frontal  acdj>-^ca- 
rietal  bones.  The  head  has  the  appei^r~u- 
ance  of  being  unusatly  large,  but  cap"  -J*c* 
fu  1  in easu remeuts  seem  to  show  that  uW"  1 1 1 
is  due  partly  to  its  shape  and  poi  to 

the  imperfect  development  of  other  r^«rr- 
gions  of  the  body.      The  fontanel  U 
remain    open    an   unusual    length 
time,  and    the   parietal   and   occipi 
bones    are    often    soft    and 
giving  to  the  touch  a  parch  merit-It  Ice 
sensation,    due   to    the   absorption    of 
bone  at  certain  points,  while  at  others 
it   remains  very   porous.      This  con- 
dition is  known  as  craniotomy     TIm 
sutures  also  remain  broad  and  soft  and  membranous.     The  h 
of  the  face  appear  to  be  impeded  in  their  growth,  and  tin 
therefore,  to  the  skull  an  appearance  of  unusual  size.     Des 
is  in  consequence  retarded,  and  the  teeth  show  an  unusual  tenden 


Fig.  85. — Extreme  Deformity  of 
Skeleton  due  to  Rickets,  showing 
enlargement  of  the  ends  of  I  lie 
bones  (Sp.  1545,  Warren  Museum)- 
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caries.  The  upper  incisors  considerably  overhang  the  lower. 
he  very  profound  disturbance  of  nutrition  which  permeates  the 
ntire  system  is  shown  particularly  in  the  changes  found  in  the 
rain,  which  is  often  enlarged.  More  frequently,  however,  there 
effusion  into  the  ventricles,  and  as  the  result  of  this  there 
occasionally  hydrocephalus  as  a  complication  of  the  disease. 
s  a  rule,  these  effusions  come  slowly,  and  they  may  eventually 
absorbed.  If  they  occur  rapidly,  they  are  often  accompanied 
pj  convulsions,  which  may  terminate  fatally. 

The  earliest  change  seen  in  the  thorax  is  a  slight  swelling  of 
tie  sternal  ends  of  the  ribs  or  at  the  line  between  cartilage  and 
txrae.     This  row  of  protuberances,  which  is  very  characteristic  of 
t tic  disease,  has  often  been  called  the  **  rachitic  rosary."     These 
veilings  are  caused  partly  by  the  growth  between  cartilage  and 
bone  and  partly  by  periosteal  growth.     Deformities  of  the  thorax 
re  due  to  the  pressure  of  the  atmosphere  on  the  thorax-wall,  and 
nuscular  action,  and  to  the  impairment  of  growth  of  the  ribs. 
The  circumference  of  the  chest  is  small,  and  there  is  a  sinking  in 
f  the  ribs  in   respiration  at  the  point  of  insertion  of  the  dia- 
fcragm.     Gradually  the  whole  side  of  the  chest  becomes  flattened. 
l    this  way  the  so-called    u  pigeon-breasted "    deformity  is  pro- 
iced.     The  clavicles  are  usually  bent  forward  in  a  sharp  curve, 
id  the  scapulae  may  also  be  more  or  less  distorted.     The  spinal 
■lunin  may  be  curved  backward.     Kyphosis  is  a  very  common 
^formity    in    this    disease.     Scoliosis   and    lordosis   are   also   not 
u frequently  seen.      The  pelvis  in  moderately  severe  rickets  is 
homewhat  flattened;  the  sacrum  sinks  deeply  into  it,  and  the  lower 
->ortion  of  the  bone  is  bent  sharply  forward.     The  iliac  bones  are 
mall  and  flaring. 

If  the  pelvic  bones  are  excessively  softened,  the  promontory  of 
llie  sacrum   protrudes,   the  region  of  the  acetabulum  is  pressed 
inward,   and    the   symphysis   becomes   prominent,   the   deformity 
somewhat  resembling  that  seen   in  osteomalacia. 

Epiphyseal  swellings  are  seen  at  the  wrist-  and  ankle-joints, 
and  in  severe  cases  at  the  ends  of  the  phalanges  of  the  fingers 
and  the  toes.  Where  the  shaft  of  the  long  bone  is  profoundly 
affected,  not  only  deformity,  but  even  fracture,  may  occur.  The 
humerus  and  the  femur  appear  to  be  the  bones  most  liable  to  break 
under  these  circumstances. 

In  the  graver  forms  of  the  disease  there  is  usually  a  prodromal 

stage,  during  which  a  change  seems  to  have  taken  place  in  the 

s  character.     It  no  longer  seems  disposed  to  walk^  and  may 
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not  even  be  willing  to  leave  its  bed.     Its  temperament  becomes 
irritable,  and  there  is  a  great  restlessness  at  night,  with  a  tendency 
to  throw  off  the  bed-clothes.     Some  children  have  a  tendcnc 
bore  their  heads   into  their  pillows,   so   that  the   scalp 
deprived  of  its  hair.     The  appetite  is  capricious,  and  diarrhoea 
not  an  infrequent  accompaniment  of  an  outbreak  of  the  disease 
There  is  loss  of  strength,  and  the  skin  becomes  pale  and  is  oft^ 
bathed  with  perspiration,  particularly  about  the  head.     A  more 
less  well-inarktrd  febrile  disturbance  accompanies  these  s>  niptor^ 
which  may  continue  for  two  or  three  months. 

When  the  changes  in  the  bones  have  developed  the  appear 
of  the  child  is  strikingly  characteristic.    The  patient  is  diinin 
for  its  age.     The  head  is  apparently  large,   the  face  small 
pinched.     The  expression   is  intelligent,   and   the  child   is  p 
cious   rather   than   backward    in    its    mental   development. 
muscles  are  soft  and  flabby,  but  there  is  no  actual  impair^ * 
of  their   movements.     Although   there   is  no   genuine   paraf 
reflex  nervous  disturbances  are  not  uncommon.     There  is  or 
great  hyperesthesia  of  the  skin.    Colicky  pains  in  the  abdomen  art 
explained  in  this  way,  as  are  also  attacks  of  laryngeal  spasm 
is  apt  to  accompany  the  hydrocephalic  condition  or  inflam: 
of  the  air-passages. 

The  parts  of  the  skeleton  most  likely  to  be  affected  first  are  the 
bones  of  the  wrist  and  the  ends  of  the  ribs.  Kyphosis  is  also* 
most  common  deformity,  the  curve  being  most  frequent  at  the 
juncture  of  the  dorsal  and  lumbar  regions.  The  articulations  air 
in  general  more  or  less  relaxed.  Later  the  other  osseous  deform- 
ities already  mentioned  occur. 

In  the  lighter  forms  of  the  disease  the  constitutional  disturbance 
may  be  very  slight.     Beyond  a  tendency  to  diarrhoea  there  nunr 
have  been  no  disturbance  whatever,  and  the  first  evidence  of  anv 
disease  may  be  the  deformity  in  bone.      In  some  cases  the  children 
appear  to  be  in  robust  health.    The  disease  in  the  bone  n 
case  be  well  marked:  there  may  be  found  swelling  of  the  ankles, 
the  wrists,  and  the  knees,  and  curved  spine,   narrow  chest,  afll 
protuberant  belly  when  the  lower  extremities  are  affected.    The 
child  assumes  the  rachitic  attitude  on  standing.     The  thighs  »** 
straddled,  the  knees  bent,  the  shoulders  thrown  back,  and  the  bel 
prominent 

The  disease  is  usually  very  slow  in  its  progress,  and  it  may 
one  or  two  years.  In  America  the  prognosis  is  rarely  grave, 
the  severe  cases  death  rarely  occurs  as  a  direct  consequence 
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,  but  rather  as  a  result  of  the  enfeebled  condition  combined 
h  some  complication.  When  the  deformities  are  well  marked 
v  may  remain  permanently  in  a  certain  degree.  Sometimes  a 
ntaneous  straightening  of  a  curved  limb  may  take  place.  Spon- 
eous  arrest  of  the  disease  may  occur  at  any  stage. 
|The  most  effective  prophylactic  treatment  consists  in  the  proper 
fling  of  children.  The  child  should  be  kept  at  the  breast  as  long 
possible  during  the  first  year  of  its  life.  If  the  disease  comes  on 
ring  the  nursing  period,  it  may  be  necessary  to  resort  to  bottle- 
ding  or  to  careful  attention  to  the  condition  of  the  mother's 
k.  In  artificial  feeding  the  rules  of  sterilization  of  food  should 
adhered  to  strictly  if  it  is  possible  to  carry  them  out.  After  six 
•tubs  the  child  may  be  given  meat-juice  or  raw  beef  in  small 
antities. 

Baths  and  friction  of  the  skin  have  often  a  beneficial  effect  upon 
5  circulation,  and  they  are  strongly  recommended  by  Monti. 
Cod-liver  oil  may  be  given  in  small  doses  even  during  the  first 
arof  life.  Stimulants  in  small  doses  are  also  well  borne  in  the 
ry  young,  and  they  take  the  place  of  atonic.  Iron  may  be  given 
older  children.  The  tincture  of  eucalyptus  globulus  in  doses  of 
m  10  to  40  minims,  three  or  four  times  a  day,  is  recommended 

Stedman,  The  compound  syrup  of  the  hypophosphites  and  the 
rup  of  the  lactophosphate  of  lime  are  remedies  which  are  fre- 
ently  given. 

Kassowitz,  whose  theory  of  the  disease  has  already  been  referred 

recommends  very  small  doses  of  phosphorus,  and  he  regards 
is  drug  almost  as  a  specific  for  the  disease.  He  bases  his  view 
mi  as  experimental  study  of  its  effects  upon  animals.  The  dis- 
se  being  due,   in   his  opinion,  to   an   increased  vascular  action 

the  bone-forming  tissues,  he  finds  that  phosphorus  produces  a 
ecrease  of  vascularity  and  prevents  an  absorption  of  bone.  Small 
oses  of  phosphorus  were  found  by  him  to  check  the  softening  of 
he  bone  in  a  comparatively  short  time.  These  views  are  not, 
owever,  shared  by  other  writers  who  have  tried  this  drug.  Brad- 
lord  and  Lovett  fiud  the  syrup  of  the  iodide  of  iron  the  most  useful 

the  many  drugs  advocated  in  rickets. 

3.  Osteoporosis. 

Osteoporosis,   senile   atrophy,    and    fragilitas   ossium    or   osteo- 

Itfcyrosis  (t|^#u/>oc,  fragile)  are  terms  which  denote  closely-allied 

rift  ions  of  the  bone.     This  change  in  the  bone  differs  from  that 

rickets  or  that  of  osteomalacia  in  that  there  is  simply  an  absorp- 
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beneath  are  very  thin,  and  they  contain  only  a  few  bone-corpuscles. 
Cross-sections  in  the  shaft  of  the  bone  show  that  the  medullary 
tissue  has  very  few  cells  and  lias  undergone  gelatinous  degenera- 
tion, and  that  the  bony  trabecule  are  permeated  with  an  anasto- 
mosing network  of  canals  in  which  here  and  there  lie  bone- 
corpuscles. 

The  movements  of  the  foetus  when  the  bones  are  in  this  con- 
dition may  be  sufficient  to  produce  numerous  fractures,  and  in  this 
gr*y  so  many  fractures  may  take  place  that  the  bones  may  exten- 
di vely  be  comminuted.     This  atrophy  of  bone  is  often  seen  in  the 
IfSSane. 

Among  the  symptoms  of  this  affection  are  mentioned  vague 
n&ms  in  the  bones  simulating  rheumatism.  There  may  be  no  sign 
^rliatever  of  the  disease  until  a  bone  breaks  suddenly  from  slight 
2  *-*jtuy,  as  from  muscular  action.  Lathrop  reports  the  case  of  a 
^,^-oman  eighty-two  years  of  age  who  sustained  a  fracture  of  the 
yi  jjht  femur  while  she  was  standing  at  a  bureau.  For  some  time 
^>-xnevious  to  the  accident  she  had  suffered  severe  pain  at  the  point 
^m  t  which  the  fracture  occurred. 

Murray  reports  a  case  of  a  girl  who  sustained  in  all  forty  frac- 
Ctares.  Many  of  the  cases  reported  are,  however,  probably  due  to 
rickets  or  to  osteomalacia.  The  main  point  of  distinction  between 
fragilitas  ossiutlt  and  these  diseases  is  the  brittleness  of  the  bone, 
whereas  in  rachitis  and  osteomalacia,  the  lime-salts  being  largely 
absent,  there  is  a  tendency  of  the  bones  to  bend  rather  than  to 
break. 

A  frequent  cause  for  lacunar  absorption  is  the  inactivity  of  the 
bo****,  which  occurs  when  a  limb  or  a  part  has  been  rendered  useless 
and  is  unable  to  perform  its  functions.  Thus  the  process  is  found 
going  on  in  the  bones  of  the  stump  of  amputated  limbs.  In  frac- 
tures that  have  healed  with  much  displacement  the  overlapping 
ends  become  atrophied,  and  the  trabecular  in  the  interior  of  the 
bane,  which  played  a  part  in  supporting  the  weight  of  the  body, 
^appear. 

^Neuro- paralytic  atrophy  of  bone  near  the  joints,  or  arthropathy, 

caused  by  an  absorption  of  bone  associated  with  disease  of  the 

antral  nervous  system.     The  absorption  of  bone  is  very  extensive 

such  cases,  and  joints  may  thus  become  disorganized. 

Atrophy  may  occur  from  pressure:  this  is  seen  in  the  bodies  of 

lie   vertebrae    which    stand    in    the  way  of  the   expansion    of  an 

aneurism,      A    bone    which    becomes    infiltrated    by    a    malignant 

growth  shows  well  the  process  of  lacunar   absorption.     Here   is 
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seen  the  wormeateu-looking  edge  of  the  bone  surrounding  t 
ease  lined  with  a  single  layer  of  osteoclasts  (ZieglerK 

4.  Hyperplasia  of  Bonk. 


hed, 


The  formation   of  new  bone  occurs   usually  as  the  result 
chronic   inflammation.     If  the   bone  increases   uniformly  ia  s^ 
in  all  directions,   the   change    is  called    "  hyperostosis,"       If 


bone  becomes  thicker  and  denser,  the  condition   is  describe^ 


of 

as 
"osteosclerosis/1      The  growth  of  new  bone  may  take  place  ;n 

the  form  of  endochondral  ossification — that  is,  at  the  junction  af 

cartilage  with  bone — and  in  this  case  an  increase  in   the  length  o^ 

the  bone  occurs.      An  increase  in  thickness  is  due  to  the  perioste^aiV 

growth  of  bone,  and  an  increase  in  density  is  due  to  the  ^r-r—Ttij  _a 

of  new  bone  to  the  trabecular  of  spongy  bone,  and  to  consequewt 

narrowing  of  the  Haversian  canals  and  the  medullar}-  spacer 

Among  the  most  striking  forms  of  this  hypertrophy  of  bo^^jC 
are  those  whose  etiology  appears  to  be  more  or  less  obscure.  T^^le 
peculiarly  deforming  enlargements  of  the  bones  of  the  head  j^^,] 
face  were  described   as   early  as   1697  by  Malphiyi  ^So. 

scleroses."     One  of  the  most  striking  cases  of  th  ^t- 

ported  in   1734  by  Forcade.     This  surgeon  had  a  son   who  *«m 
perfectly  well  until  he  had  an  attack  of  small-pox.      As  a  s«]*>icl 
of  this  disease  he  suffered  from  a  lachrymal  abscess  which  n 
purated  for  a  long  time.     As  a  result  of  this  abscess  ;i 
about  the  size  of  an  almond  formed  in  the  nasal  process,  which 
growth  gradually  increased  until  it  obstructed  Lin.  nasal  passages 
and  afterward  extended  to  the  upper  jaw,  the  lower  jaw,  ami  tTc 
zygoma,   involving  the  orbits  with   the  exception  of  the  craa  ia\ 
walls.      Extensive  exostoses  formed  on  the  bones  at  various  poir*-^ 
The  eyes  were  pushed  out  of  their  sockets  and  speech  became  cUb 
ficult.     The  disease  lasted  over  thirty  years.     At  the  autopsy  K-— * 
bones  of  the  cranium  were  found  to  be  much  thickened  and  den:^^** 
than  normal. 

Yirchow  has  given  to  this  affection  the  very  appropriate  na»^  -v 
/eo/rtitis/s  ossinm.     Baumgarten  and  Millat  independently  mate--** 
study  of  leontiasis  ossium,  and  they  agree  in  regarding  it  as  a  <L^-^ 
ease  distinct  from  all  other  types  of  bone-hypertrophy,  such 
acromegaly   or  ostitis  deformans  or   the   diffuse   hyperostosis 
Syphilis.     The   disease   begins   in   youth   in    healthy   persons 
both   sexes;   it   is   painless,    and   it  starts   most    frequently   111  c^^m 
zygoma.     It  consists   in   a  growth,    mostly  symmetrical,   of         *5 
or  of  several  of  the  bones  of  the  cranium    and  the  face. 
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in  growth  is  at  first  porous,  but  later  is  sclerosed.  The 
ranium   is   increased    to   several    times    its   normal    weight,    and 

becomes  extremely  bard.  The  disease  brings  about  the  most 
rjghtfol  deformity.  Smell  and  sight  gradually  disappear,  the 
yes  protrude,  death  finally  occurring  with  symptoms  of  brain- 
ire.  The  disease  may  last  over  thirty  years,  the  other  bones 
ring  unaffected.  Virchow  and  Fischer  report  cases  of  hyper- 
yj[  the  sphenoid  bone,  and  Virchow  reports  also  cases  of 
xeessive  bony  growth  of  the  frontal  and  parietal  bones. 

In  some  forms  of  the  disease  that  have  been  operated  upon  it  is 
question  whether  sarcoma  was  not  a  complication.  Such  opera- 
as  have  been  performed  give  no  permanent  relief,  and  there 
ppears  to  be  no  remedy  for  the  disease. 

Gruber  describes  a  case  which  is  interesting,  as  it  suggests  a 
-ossible  connection  between  the  growth  of  bone  and  erysipelas, 
disease  associated  with  those  hypertrophies  of  the  connective  tis- 
ueseen  in  elephantiasis.  A  girl  ten  years  of  age  suffered  from  an 
pileptic  seizure,  followed  by  pain  in  the  head  and  delirium  lasting 
Dr  several  months.  An  attack  of  ervsipelas  followed  one  of  the 
^avulsions.  In  her  sixteenth  year  she  lost  her  hearing  and  her 
icad  began  to  increase  in  size,  the  growth  being  accompanied  by 
cvere  pain.  She  died  a  year  later  of  a  second  attack  of  erysipelas, 
'irchow  also  quotes  a  case  in  which  a  thickening  of  the  cranial 
ones  was  accompanied  by  an  enlargement  of  the  bones  of  the 
unk  and  the  lower  extremities. 

An  example  of  this  kind  is  described  by  Paget,  who  gave  the 
une  ostitis  deformans  to  the  disease.  He  first  saw  the  case  in 
•56.  The  patient,  a  country  gentleman  forty-six  years  of  age, 
id  always  enjoyed  good  health  when,  without  assignable  cause, 
i  began  to  be  subject  to  aching  pains  in  the  thighs  and  legs. 
he  bones  of  the  left  leg  began  to  increase  in  size,  and  a  year  or 
ro  later  the  left  femur  also  enlarged  considerably.  These  changes 
tie  followed,  during  a  period  of  nearly  twenty  years,  by  a  growth 

other  bones.  The  spine  became  curved  and  rigid  and  the  head 
creased  5^  inches  in  circumference.  The  bones  of  the  face  were 
>t  affected.  The  patient,  when  standing,  had  a  peculiar  bowed 
»ndition  of  the  legs,  with  marked  flexure  at  the  knees.  He 
lally  died  of  osteosarcoma,  which  originated  in  the  left  radius, 
aget  collected  eight  cases,  and  it  is  interesting  to  note  that  in 
»*e  of  them  death  occurred  from  malignant  disease. 

The  bones  in  the  case  just  described  were  found  after  death  to 
?  very  much  thickened,  and  drawings  of  the  fem\ii  m&  c^\yv\ot\. 
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show  a  marked  osteosclerosis.  In  some  cases  of  craniosclero^ 
the  bone  may  become  as  dense  as  ivory.  The  appearance  of  th 
condition  is  shown  in  Fig.  86  (taken  from  a  specimen  in  the  Wa 
ren  Museum),  the  history  of  which  specimen  is  unknown. 
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S6. — Cilvariuro  of  a  ease  of  Ostitis  Deformans  (Specimen  1209,  Warren  Mu 

Taylor  of  New  York  reports  a  typical  case  of  ostitis  defoT 
the  patient  being  a  Canadian.     Cases  have  also  been  reports 
the  United  States  by  McPhedrau,  McKenzie,  and  Gibney. 

The  bones  most  frequently  affected  are  the  tibia,  the  femur, 
clavicle,  the  spine,   and  the  cranium.     There  is  no  tendeiK 
symmetry  in  the  disease.      According  to  Taylor,  there  appear 
be  a  mixture  of  rarefying  ostitis  (osteoporosis)  and  form 
(osteosclerosis).     The  femur  and  the  tibia  not  only  become  thi 
ened,  but  also  become  bowed  under  the  pressure  of  the  weight 
the  body,  and  the   trochanters   rise  above   Ndlaton*s    line. 
joints  are  not  affected. 

In  forty-three  cases  analyzed  by  Thieberge,    twenty-one 
men  and  twenty -Vwo  >Neie  ^o\\\ev\.    ^\\c  &a*a&R.  ^^ 
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-liter  forty.     There  was  no  history  of  heredity,  syphilis,  rheuma- 
tism* gout,  or  tuberculosis. 

Acromegaly  may  be  distinguished  from  ostitis  deformans,  as  it 

is  limited  chiefly  to  hypertrophy  of  the  hands,  the  feet,  and  the 

face.     The  spinal  column  is  frequently  enlarged,  and  there  may  be 

marked  kyphosis.     The  head  may  also  be  enlarged,  but  the  long 

bones   of  the   extremities   remain  unaffected.     In   cretinism — for 

■^j^*liich   it  might  be  mistaken — the  bones,  as  a  rule,  are  shorter 

t  JrMa.11  normal  although  the  cranial  and  some  of  the  other  bones 

Tyx  ay  become  enlarged  or  thickened.     In  acromegaly  there  is  true 

1-*  3w'P>ertrophy  of  the  bone,   and    the   disease  begins  at  about  the 

£  -*%^^.»enty -fifth  year.     There  is  a  rapid  pulse,  and  a  tendency  to  pal- 

r^-m.  ta^tion  and  moderate  muscular  atrophy. 

"The  so-called  M  giant  growth  of  bones,"  or  gigantism,  is  often 
»n  genital  in  character  and  is  entirely  unaccompanied  with  any 
flammatory  symptoms.      It  is   often  observed   to   develop  after 
^^Mistrual    disturbances.      A  marked    change   takes    place    in    the 
ereted  portion  soon  after  birth.     In  one  case  reported  by  Fischer 
s    amputation  of  an  enlarged  finger  was  followed  by  increase  in 
z:e  of  the  entire  limb.     The  hyperostosis  of  the  bones  of  these 
L£L3it  limbs  is  well  marked,  but  there  is  nothing  in  their  anatom- 
1 1  structure  to  suggest  the  presence  of  an  inflammatory  process. 
1  <■  disease  differs  from  ostitis  deformans  in  that  the  growth  of  bone 
accompanied  by  equal  hypertrophy  of  the  surrounding  parts. 
Some  writers  believe  that  acromegaly  arises  in  connection  with 
di  sturbances  of  the  pituitary  body  of  the  thymus  gland.    It  is  possi- 
\1g  that  both  this  disease  and  the  giant  growth  may  be  connected 
in.     some  way  with  disturbance  of  the  nerve-centres.     According  to 
Pu.  tnam,  acromegaly  may  be  benefited  by  the  employment  of  the 
tha  3*roid  juice  or  powder, 

Fischer  shows  that  an  increase  in  tke  length  of  bone  may  even 
fol  low  slight  injuries.     He  reports  the  case  of  a  boy  twelve  years 
°f~      age  who  was  run  over  by  a  wagon,  causing  a  contusion  of  the 
h<z»iies  of  the  right  leg.     In  the  course  of  a  year  this  leg  became  4J 
c*~"~i.  longer  than  the  other,  and  the  bones  were  also  much  thicker 
t*~*-  an  normal.      Taylor  reports  the  case  of  a  lady  who  fell,  injuring 
^3t^  thigh  without  fracture.     A  gradual  enlargement,  with  an  out- 
's**^ srd  curving  of  the  bone,  has  since  taken  place.     Fischer  reports 
s^-veral  cases  of  abnormal  growth  of  the  bone  following  necrosis. 
^    case  of  shortening  of  3^  cm.  after  fracture  was  reduced  to  a 
^lortening  of  1  cm,  by  compensatory  growth.     Elongation  of  the 
t»one  is  also  mentioned  as  the  result  of  inflammation  of  the  joint. 
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In  those  cases  in  which  there  has  been  no  suppuration  the  growth 
progresses  slowly  and  suppuration  never  takes  place.  Where  no 
distinct  inflammatory  process  has  preceded  this  growth  it  has  been 
suggested  that  a  chemical  substance  may  be  the  cause  of  this  change 
of  nutrition.  Ziegler  calls  attention  to  experiments  which  have 
been  made  by  giving  small  doses  of  phosphorus  and  arsenic  during 
the  period  of  bone-growth,  after  which  evidences  of  an  increased 
formation  of  bone  were  found  at  the  points  of  physiological 
activity. 

The  pathological  changes  seen  in  the  marrow  of  bones  de- 
serve mention  here.  The  marrow  of  children  is  bright  red  in 
color,  which  is  caused  by  the  presence  of  cells  and  blood-vessels. 
The  stroma  of  this  tissue  is  made  up  of  a  delicate  network  of 
branching  cells,  and  the  walls  of  the  vessels  to  which  its  pro- 
longations are  attached  are  very  thin.  The  cells  supported  in 
this  reticulum  are  round,  and  they  contain  a  bright  nucleus  and  a 
nucleolus,  some  of  the  cells  being  vacuolated.  They  vary-  greatly 
in  size.  There  are  also  cells  containing  eosinophile-granules, 
others  containing  fat-granules,  nucleated  and  non-nucleated  red 
blood-corpuscles,  and  pigment-cells,  and  also  single  and  many- 
nucleated  giant-cells.  This  tissue  is  supposed  to  play  a  part  in 
the  development  of  the  blood,  and  it  is  probable  that  red  blood- 
corpuscles  are  formed  in  it.  These  cells  gradually  disappear  -with 
increasing  age  in  the  long  bones,  and  the  stellate  cells  which 
form  the  reticulum  change  by  the  absorption  of  fat  into  fat- 
cells.  After  the  age  of  from  fourteen  to  sixteen  years  the  marrow 
of  the  long  bones  consists  principally  of  fatty  tissue.  In  the  flat 
bones  the  marrow  retains  its  red  lymphoid  characU  cording 

to  Tizzoui,  the  fatty  marrow  changes  back  to  red  marrow  after  extir- 
pation of  the  spleen  (Ziegler). 

In  old  age  the  number  of  cells  in  the  marrow  decrease,  and  i: 
their  place  a  mucous  fluid  is  found.  The  marrow  appears  to  under- 
go a  sort  of  gelatinous  degeneration  both  at  this  period  of  life  and 
in  many  chronic  diseases.  The  amount  of  fat-marrow  may  occa- 
sionally greatly  be  increased.  In  many  cases  when  the  fat  is 
absorbed  lymphoid  cells  take  its  place.  This  condition  is  occa- 
sionally seen  in  leucocythsemia,  in  cancerous  cachexia,  and  in 
chronic  suppuration  in  bone.  When  the  bone  is  injured  hemor- 
rhages often  take  place  in  the  delicate  vascular  structure,  particu- 
larly in  the  marrow  of  young  individuals.  This  blood  may  be 
absorbed,  leaving  behind  it  pigment,  or  it  may  become  the  start-  ^ 
ing-point,  when  infected  with  pyogenic  cocci,  of  osteomyelitis. 
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5«  Phospeiorus  Necrosis. 

Necrosis  of  the  jaw,  as  the  result  of  phosphorus-poisoning,  was 
££  jst  noticed  in  1838,  soon  after  the  introduction  of  the  manufacture 
^pf.  phosphorus  matches  in  factories.     Of  late  years,  owing  to  the 
fx* production  of  the  proper  precautions  in  their  manufacture,  the 
tfl  isease  has  become  much  less  common.    This  disease  occurs  almost 
^^felusively  among  the  operatives  in  match-factories.     The  chem- 
£  <zral  composition  employed  consists  of  phosphorus  and  chlorate  of 
^xz>tassium,  with  particles  of  ground  flint  to  assist  friction,  a  color- 
£  -M^mg  agent,  and  the  best  quality  of  Irish  glue.     The  tipping  of  the 
^Krmatch-sticks  is  accomplished  by  dipping  their  ends  in  a  warm  solu- 
te  i  on  of  the  composition  placed  in  hollow  pans  and  maintained  at 
ie  proper  temperature  by  a  steam- bath.     From  these  dipping- pans 
iriies  constantly  rise  into  the  faces  of  the  workmen  and  dippers. 
►  oth  in  cutting  the  sticks  and  in  packing  the  matches  their  hands, 
>ming  in  contact  with  phosphorus,  are  sufficiently  coated  with 
ttie   composition  to  appear  luminous  in  the  dark. 

The  regions  chiefly  affected  are  the  jaw-bones,  but  the  iuflam- 
-*  -1  mtion  may  spread  to  the  adjoining  bones  and  involve  the  vomer, 
t:lie  zygoma,  the  body  of  the  sphenoid  bone,  and  the  basilar  process 
<r>F    the  occipital  bone.     How  the  phosphorus- fumes  act  upon  the 
"%z>ories  has  been  a  subject  of  much  discussion.     By  some  it  has  been 
supposed  that  the  arsenic  which  is  often  found  with  the  phosphorus 
was  the  cause  of  the  inflammation.     Wegner  has  shown  by  experi- 
ment that  the  disease  may  be  produced  by  the  direct  action  of  the 
phosphorus-fumes  upon  those  portions  of  the  bone  on  which  the 
periosteum  was  exposed  by  dissecting  off  the  mucous  membrane. 
Jri    confirmation  of  this  view  is  cited  the  fact  that  those  individuals 
•clio  suffer  from  carious  teeth  are  most  liable  to  the  disease.     It  is 
st_x  apposed  that  the  fumes  enter  the  carious  cavity  and  reach  the 
P^^  -j-idental  membrane  by  way  of  the  apical  foramen  (Potter). 

According  to  Hirt,  operatives  with  diseased  teeth  are  affected 

J*^*  xee  times  as  often  as  those  with  healthy  teeth.    Such  individuals, 

^~*^  ^refore,  are  carefully  excluded  from  some  factories  in  America. 

has  been  maintained,  however,   that  the  local   inflammation  is 

ie  to  a  general  poisoning  of  the  system,   and   the  advocates  of 

is  theory  point  to  the  fact  that  many  operatives  work  for  several 

ars  in  factories  before  being  affected.     Hutchinson  mentions  a 

where  the  prolonged  use  of  phosphorus  internally  led  to  typi- 

c^  ^^1  necrosis  of  the  jaw.     Weak,  anaemic,  and  tuberculous  individ- 

lr*-  ^1s  are  much  more  liable  to  be  affected  than  are  robust  persons. 
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According  to  Mears,  the  statements  made  in  regard  to  the  intro- 
duction of  the  poison  through  carious  teeth  should  be  rect 
with  some  modification.  He  saw  numbers  of  operatives  SUfic 
from  carious  teeth  who  worked  for  years  in  match -factories  without 
symptoms  of  poisoning.  In  all  the  cases  of  poisoning  seen  by  him 
there  was  an  accumulation  of  tartar  around  the  necks  of  the  teeth. 
In  his  opinion  there  is  a  chronic  toxic  condition  of  the  system 
with  local  irritation  of  the  gums,  which  may  be  aggravated  by 
decayed  teeth  or  by  tartar.  Under  the  influence  of  some  exciting 
cause — as  a  cold — an  inflammation  may  begin  and  extend  to  the 
periosteum.  In  many  of  the  operatives  complaining  of  ill-health 
from  the  fumes  of  phosphorus  he  noted  hemorrhagic  transudations 
from  the  gums.  He  believes  that  the  poison  is  introduced  into  the 
system  partly  by  inhalation  and  partly  by  being  swallowed  with 
the  food,  and  that  the  toxic  condition  precedes  the  disease  of  the 
jaw.  In  some  individuals  these  toxic  symptoms  are  so  acute, 
accompanied  by  nausea,  vomiting,  etc.,  that  they  are  compelled  to 
abandon  work. 

The  inflammation  begins  probably  in  the  peridental  membrane, 
and  spreads  easily  to  the  periosteum,  with  which  it  is  continuous, 
and  from  this  point  works  its  way  along,  by  a  slowly -creeping 
inflammatory  process,  until  a  large  portion  of  the  covering  of  the 
bone  may  be  involved. 

The  disease  begins  as  an  inflammation   of  the  gum,   accom- 
panied by  toothache.      On  removing  the  tooth  a  certain  amount 
of    pus   is  discharged   from   the   alveolus   and   the   inflammation 
extends  to  the  alveolar  process.     One  by  one  the  teeth  are  lost  in 
this  way  until  the  entire  alveolar  process  may  be  denuded  of  its 
periosteum.     A   foul  pus,   with  often  an  odor  of  phosphorus, 
discharged  from  beneath  the  edges  of  the  mucous  membrane  iuto 
the  mouth.     Meanwhile  the  external  soft  parts  become  reddened 
and  very  much  swollen  and   indurated,   causing  much   deform  i 
and  presenting  to  the  touch  the  sensation  as  if  an  extensive  and  a 
very  thick  involucrum  was  forming.      Dissection  shows,  accordin 
to  Markoe,  that  new  bone  is  not  formed  at  so  early  a  period.      I 
may  be  discharged  externally  through  several  openings,      In  t 
interior  of  the  mouth  the  swelling  may  so  extend  as  to  involve  the^ 
tongue.     By  this  time  the  whole  bone  becomes  involved  in  tb* 
inflammatory  process,  and  there  occurs  osteomyelitis  as  well  c 
periostitis,    with   the    inevitable   result   of   necrosis.       When   t^^ 
periosteum  first  becomes  inflamed   new  bone  is   formed  here  %#fc/" 
there  on  its  inner  layer,   and  after  suppuration  has  separatee)   . 


id  a 
Pits 

a.  . 


DISEASES   OF  BONE. 

from  the  bone,  these  bony  masses   may  remain  adherent  to  the 

jxriosteum  and  form  new  bone,  or  they  may  be  broken  down  and 

^f  ischarged.     The  most  extensive  bone-formation  is  found  at  those 

-points  where  the  periosteum  has  remained  longest  in  contact  with 

t:  be  bone,  this  being  at  its  inferior  border  (Busch).      In  very  acute 

orxises  when    the  periosteum    is  separated  quickly   there  is  a  very 

«sviiall  amount  of  new  bone  formed.     The  sequestrum  can  usually 

fcx^  removed  through  the  mouth,  as  the  alveolar  portion  of  the  bone 

z  ^    the  part  first  exposed. 

The  progress  of  the  disease  is  rarely  so  extensive  on  the  tipper 
5 -saw,   as  the  free  drainage  of  pus  prevents  the  same  amount  of 
t>  narrowing  that  occurs  in  the  lower  jaw.     The  upper  maxilla  is 
.sm-ffected  somewhat  less  frequently  than  the  lower. 

In  consequence  of  exposure  of  the  sequestrum  to  the  cavity  of 

tlie    mouth  the  pus  with  which    it  is  surrounded  is  mixed   with 

tliva  and  undergoes  decomposition,  and  the  discharge  from  the 

lotith  is  sometimes  of  the  foulest  description,     A  portion  of  this 

taterial  is  inevitably  swallowed,  and  accordingly  the  health  and 

<3  igestion  of  the  patient  suffer.     The  progress  of  the  disease  is 

.-l«nv,    and    toward   the   end    the   general   health   may   greatly   be 

im  paired. 

With  the  removal  of  the  sequestrum  suppuration  soon  ceases 

and  cicatrization  takes  place.      In  the  majority  of  cases  a  cure  is 

finally  obtained,  but  when  the  inflammation  once  begins  it  cannot 

be   arrested  until  it  has  produced  extensive  destruction  of  bone. 

In    those  cases  that  terminate  fatally  death   may  occur  from  an 

extension  of  the  process,   in  the  way  already   mentioned,   to  the 

base  of  the   brain,  and   from    meningitis.       The   long-continued 

suppuration    may  lead    to   amyloid   degeneration   of  the   internal 

organs.      In  a  certain  number  of  cases  pulmonary  consumption 

may  become  a  complication  of  the  disease. 

Much  can   be  done   in   the   way   of  prophylactic  treatment  by 
proper  ventilation  of  factories.     In  some  factories  exhaust  fans  are 
so  arranged  as  to  remove  the  fumes  promptly  from  over  the  dip- 
ping-machines.    Careful  washing  of  the  hands  before  eating  is  a 
rule  that  should  always  be  laid  down.     Individuals  with  carious 
teeth  or   in   feeble   health   should   not  be  accepted  as  operatives. 
According  to  Busch,  the  employment  of  white  phosphorus  should 
be  abandoned,  and  amorphous  red  phosphorus,  such  as  is  used  in 
the  preparation  of  Swedish  matches,  should  be  substituted.     The 
f  objection  to  this  change  is  said  to  be  the  expense.     Meats 
recommends-  the  use  of  turpentine  inhalations,  basing  \yvs>  nw** 
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upon  the  power  of  the  vapor  of  turpentine  to  neutralize  that  of 
phosphorus.  In  many  factories  the  operatives  are  in  the  habit 
of  carrying  wide-mouthed  bottles  containing  turpentine,  suspended 
by  straps  around  the  neck.  In  the  early  stages  of  the  disease  the 
condition  of  the  teeth  and  gums  should  carefully  be  attended  to, 
and  any  tendency  to  suppuration  should  be  arrested  by  the  use 
of  gargles  containing  boracic  acid,  phenyl,  myrrh,  or  alcohol 
weak  solution  of  permanganate  of  potash  may  also  be  used  lo 
advantage. 

When  suppurative  periostitis  is  established  even-  effort  shoul 
be  made  to  limit  the  extent  of  the  suppuration  as  much  as  pos- 
sible. The  periosteum  should  freely  be  incised  and  thorough 
drainage  be  given  to  the  pus.  The  sinuses  should  be  syringed  01 
with  a  weak  solution  of  carbolic  acid  or  of  corrosive  sublimate, 
and  the  strength  of  the  patient  should  carefully  be  maintained. 
There  is  little  hope  of  preventing  necrosis  when  once  this  stage  of 
the  disease  is  reached. 

The  question  as  to  when  the  diseased  bone  should  be  remo 
is  one  about  which  many  operators  differ.  The  general  weight 
opinion  at  the  present  time  is  to  wait  until  the  sequestrum  has 
separated,  and  until  the  new  bone  formed  by  the  periosteum  is 
sufficiently  strong  to  preserve  the  shape  of  the  original  bone. 
The  sequestrum  should  be  removed  through  the  mouth,  as  it  is 
here  freely  exposed,  and  the  deformity  of  the  external  inc 
will  thus  be  avoided.  Care  should  be  taken  to  disengage  the 
laminae  of  new  bone  from  the  sequestrum,  so  as  to  injure  them  as 
little  as  possible  during  the  operation  of  removal.  After  removing 
the  dead  bone  the  cavity  may  be  dressed  by  a  packing  of  iodoform 
gauze. 

6.  Arthritis  Deformans. 

Arthritis  deformans  is  a  chronic  inflammation  of  the  joint 
which  not  only  the  joint-capsule,  but  also  the  bone,  is  affected  in 
way  which  may  cause  great  deformity,  but  the  function  of  ti 
is  more  or  less  preserved.       Many  joints  may  simultaneously 
affected. 

The  disease  has  received  a  variety  of  names,  which  fact  alo 
seems  to  indicate  that  the  pathology  of  the  affection  has  not  b*^ 
understood.  These  names  are — chronic  rheumatic  arthritis,  rbejj, 
Static  gout,  arthrite  sesehe,  etc. 

The  etiology  of  this  affection  is  obscure.     It  may  occur 
people,  but  it  is  oftener  seen  in  those  past  middle  life.     In 
people  it  is  often  accQ\\\\>2A\\e&  \s^  cA\^.\  ^kl\\\\s.  Auctions,  such  a 
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atheroma  and  ossification  of  tendons  or  of  muscles.     In  some  cases 

t.liere  appears  to  be  a  distinctly  traumatic  origin,  as  the  disease  is 

-5^en  to  follow  injuries  or  fractures  which  involve  the  joint.     Such 

conditions  are  not  infrequently  seen  in  the  knee  and  the  elbow,  and 

asionally  also  in  the  hips. 

It  may  occur  spontaneously  in  almost  any  of  the  joints,  although  it 
f  _-^  most  frequently  seen  in  the  finger-joints  and  the  hip,  but  it  is  seen 
xa,7so  in  the  shoulder  and  in  the  vertebrae.  It  occurs  in  all  sorts  and 
conditions  of  life  and  in  all  countries.  There  are  few  families  in 
-^j^-hich  there  is  not  some  aged  member  more  or  less  afflicted  with 
-tin's  frequent  accompaniment  of  old  age.  Men  are  somewhat  less 
J  iable  to  it  than  women. 

There  are  two  principal  forms  of  this  form  of  joint-inflanirna- 

f£on — the  mono-articular  and   the  poly-articular.     The   former  is 

-£cjiind  principally  in  the  knee-  and  hip-joints  (malum  coxae  senile). 

The  latter  occurs  in  several  joints  at  a  time,  attacking  the  fingers 

.Liiicl  toes,  principally  in  women. 

One  of  the  most  striking  features  of  this  affection  is  the  change 
hich  takes  place  in  the  cartilage.   This  change  consists  in  a  break- 
ing  up  of  the  surface  of  the  carti- 
lage into  fine  filaments,  owing  to 
the  absorption  of  the   cement-sub- 
stuiice  which  holds  the  fibrillse  to- 
gether.      In  a  cross-section  of  car- 
tilage undergoing  this  change  there 
b    seen  an  anastomosing  system  of 
lines  and  clefts,   in  some  of  which 
are  seen  cartilage-cells  either  in  a 
stale  of  proliferation   or  of  degen- 
eration.    In   a  vertical  section   the 
cc^lls  in   the   deeper  layers   of  the 
cartilage    are    seen    in    active    pro- 
liferation.    This    cell-growth    may 
b^-  sufficient  to  produce  thickening, 
and  even  nodules  of  cartilage,  at  cer- 
tain points.      In  the  deeper  layers 
are  also  seen  nodules  of  softening, 
and  at  other  points  is  seen  a  growth 
of  blood-vessels  which  have  pushed  their  way  up  from  the  marrow 
of  the  bone.     In  this  way  the  cartilage  gradually  becomes  softened 
down,  and   is  worn  away  by  the  friction  of  the  articular  surfaces, 
and  the  surface  of  the  bone  thus  becomes  exposed.     At  other  points 


Fig.   87. — Arthritis     deformans,    wiili 
I     uiii.itiun  of  Hone  due  lo  A! 
lion  of  Cartilage. 
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the  bone  undergoes  the  change  which  lias  already  been  studied  as 
osteosclerosis.  It  becomes  deuse  aud  receives,  through  friction,  an 
ivory  polish  or  thui  nation  (Fig.  87).  In  the  poly-articular  form 
there  is  often  a  pannus*like  growth  of  the  synovial  membrane  over 
the  cartilage.     This  membrane  becomes  rich  in  cells  and  blood- 

jels  pushing  their  way  into  the  cartilage,  which  softens  and 
breaks  down  before  this  growth.  Deep  depressions  are  thus  formed 
which  subsequently  run  together.  In  such  cartilage  very  large 
stellate  cells  with  extensive  proliferation  are  seen  occupying  large 
cavities  in  the  bone,  the  exact  nature  of  which  cells  is  not  d 
By  some  they  are  supposed  to  be  chondroclasts  ( YYeichselb.v 
This  growth  of  the  synovial  membrane  may  sometiuu  id  to 

the  opposite  side  of  the  joiut,  and  adhesions  may  be  formed  in  this 
way. 

In  the  bone  changes  of  different  kinds  are  going  on.  On  the 
exposed  surfaces  is  the  eburnation  already  alluded  to,  and  arc 
the  edges  of  the  joint  is  exuberant  hyperostosis,  by  means  of  which 
new  formation  of  bone  takes  place,  giving  a  peculiar  shape  to  the 
articular  end  of  the  bone.  In  the  interior  the  spongy  bone  under- 
goes absorption.  Many  of  the  trabecular  disappear.  There  fa  r.iro 
g  ostitis  which  results  in  osteoporosis.  As  the  result  of  these 
several  changes  the  head  of  the  bone  appears  as  if  it  had  at  one 
time  been  composed  of  a  substance  capable  of  softening  from  I 
and  while  in  that  condition  had  been  held  carelessly  while 
allowed  to  coot.  The  neck  of  the  femur  is  bent  at  a  sharper  angl 
to  the  shaft.  Around  the  head  of  the  femur  a  deep  fringe  of  bone 
overhangs  the  neck.  The  head  of  the  bone  is  much  enlarged  or  it 
is  partially  absorbed.  The  ''molten"  fringes  of  bone  are  seen  at 
the  knee-  and  elbow-joints :  they  overhang  the  bodies  of  the  verte- 
bra; and  often  weld  them  to  one  another. 

It  should   not  be  understood  that  the  bone  at  any  time   is  softe^. 
to  the  touch  than  the  normal  bone.     On  the  contrary,  the  bone  o^ 
the  surface  usually  appears  dense  and  even  highly  polished.    Meat 
while,   the   tissue   of  the   synovial    membrane  has  been  gtowi 
steadily.     There   is  an   increased  production  of   conn- 
and  blood-vessels,  and  frequently  there  is  an  e- 
adipose  tissue.    The  capsular  ligament  and  the  synovial  tnembn^j. 
become  in  this  way  much  thickened.     The  folds  of  the  joint  ^_^ 
the  villi  become  enlarged,  and  they  grow  into  the  articular  ca\ 
These  villi  may  become  very  numerous,  and  a  joint  thus  change 
may  appear,   when  opened,  to  be  lined  with  a  furry  membrane 
Sometimes  these  elongated  tufts  may  attain  an  unusual  sure,  aarf 
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occasionally  they  consist  principally  of  adipose  tissue,  and  the 
name  lipoma  arbortscttns  has  been  given  to  these  tumor-like 
formations.  According  to  Sokoloff,  these  growths  are  due  to  the 
existence  of  a  negative  pressure  in  certain  portions  of  the  capsule, 
and  are  an  indication  that  that  portion  of  the  joint  in  which  they 
are  found  has  been  deprived  of  its  function.     At  the  point  of  the 

k     insertion  of  the  capsule  into  the  bone  there  may  be  bony  growths 
0/  this  shape  which  may  become  partially  separated  and  attached 
oJil>"  by  a  loose  pedicle.      Many  of  these  outgrowths  may  finally 
become  separated,  and  may  collect  in  large  numbers  in  the  interior 
of   the  joint. 

As  a  rule,  there  is  no  effusion  of  the  joint-serum.     Probably  the 

function  of  the  synovial  membrane  is  materially  altered,  so  that  it 

T^roduces  less  of  its  natural  secretion.     These  chronic  inflammations 

re  therefore  characterized  by  an  unusual  dryness  of  the  articular 

srtrfaee.      Hence  the  name  **  chronic  dry  arthritis.'* 

The  medullary  tissue  may  undergo  considerable  degeneration, 
and  may  change  to  a  gelatinous  tissue,  which  may  soften  down, 
when  extensive,  and  give  rise  to  the  formation  of  cysts.  A 
lymphoid  tissue  may  form  in  other  cases. 

The  earliest  symptom  perceived  by  the  patient  is  the  presence  in 
one  of  the  joints  of  a  certain  amount  of  stiffness,  which  is  increased 
with  rest  and  disappears  somewhat  with  exercise.  Gradually  the 
joint—as,  for  instance,  the  knee — becomes  somewhat  enlarged. 
Phis,  however,  is  no  symptom  of  inflammation,  and  on  examina- 
tion the  increased  size  is  seen  to  be  due  to  an  enlargement  of  the 
ends  of  the  bones,  and  not  to  an  effusion  into  the  joint  Occa- 
sional attacks  of  pain,  which  are  mistaken  for  rheumatism,  are  fol- 
lowed by  increased  loss  of  function,  and  this  condition  may  be 
maintained  without  much  change  through  a  long  series  of  years. 
Tlie  limb  becomes  considerably  crippled,  and  the  patient  is  obliged 
Sri  ally  to  use  a  cane  or  a  crutch.  This  impairment  of  function  is 
<lue  to  weakness  of  the  muscles  with  partial  stiffness  of  the  joint, 
so  that  the  limb  cannot  fully  be  straightened.  The  general  health 
of  the  patient,  however,  is  good. 

The  poly-articular  form  occurs  usually  in  younger  subjects. 
Tlie  joints,  the  hands,  and  the  feet  may  suffer,  as  well  as  the  larger 
joints.  There  are  frequent  exacerbations  of  inflammations  after 
catching  cold*  at  which  time  the  joints  become  stiffer.  Motion  is 
also  impaired  by  muscular  contraction,  so  that  certain  limbs  event- 
ually become  quite  helpless.  The  deformity  of  the  joint  is  not 
only  great,  but  the  bones  are  displaced  upon  one  another  by  the 
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contraction  which  takes  place,  so  that  in  some  cases  complete  i 
location  may  result.  The  general  health  remains  good  thr» 
a  series  of  years,  but  in  the  most  aggravated  forms  of  the  disease 
there  may  be  great  emaciation  and  enervation  of  the  system,  and 
the  patient  may  succumb  to  some  intercurrent  acute  disease.  The 
disease  in  itself,  however,  is  not  fatal. 

The  diagnosis  of  arthritis  deformans  can  be  made  partly  from 
the  history  of  the  case,  which  will  enable  the  surgeon  to  exclude 
gout  or  rheumatism,  and  partly  from  the  local  examination  of  the 
joint.  The  absence  of  fluctuation  will  also  exclude  dropsy  of  the 
joint.  Old  dislocations  caused  by  the  affection  may  be  difficul' 
recognize  from  traumatic  dislocation. 

The  treatment  of  this  disease  is  usually  most  unsatisfactory,  and 
patients  are  apt  to  wander  from  one  physician  to  another  and  from 
one  watering-place  to  another  in  search  of  a  panacea.  A  great 
deal  may  be  accomplished  by  au  intelligent  person  iu  the  manage- 
ment of  his  daily  life,  so  that  all  disturbing  influences  may  be 
reduced  to  a  minimum.  Iodide  of  potassium,  the  alkalies,  and 
other  rheumatic  remedies  should  faithfully  be  tried.  The  use  of 
hot  baths  at  certain  watering-places  at  the  appropriate  seaso: 
carried  out  systematically  at  intervals  during  a  series  of  years,  may 
prevent  the  increase  of  the  disease.  Delicate  patients  should,  how- 
ever, resort  to  this  treatment  only  under  the  most  favorable  condi- 
tions. Massage  is  a  mode  of  treatment  that  will  probably  give 
more  relief  than  any  other. 

7.  Spinal  Arthropathy. 

Very  extensive  organic  changes  are  found  in  the  joints  of  indi- 
viduals affected  with  disease  of  the  spinal  cord.     Among  those  dis- 
eases may  be  mentioned  tabes  dorsal  is,  myelitis,  laceration  of  the^ 
cord,  and  degeneration  due  to  compression.     These  changes  ar%  .  * 
also  seen  after  nerve-section  (Ziegler).     The  joints  most  frequencL^^ 
affected  are  the  knee,  the  hip,  the  shoulder,  and  the  elbow*,     'ft  ^^ 
wrist  and  the  joints  of  the  fingers  and  toes  are  less  frequently  afTecto^ 
Inflammatory  thickening  and  ulceration  are  seen  in  the  synov^^. 
membrane.     Effusion  takes  place  at  the  joint,  and  there  is  a  swe^ 
ing  of  the  periarticular  tissues.     In  the  severest  forms  of  the 
ease  the  capsule  is  entirely  destroyed,  and  the  ends  of  the  boi 
undergo  degenerative  and  formative  changes.     The  articular 
of  the  bone  is  absorbed,  and  a  shapeless  mass  of  bony  nodules 
left  upon   the  end  of  the  shaft  of  the  bone.     Suppuration  odbbIj 
takes  place  in  case  the  joint  has  been  subjected  to  injury. 
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With  the  destruction  of  the  articular  ends  of  the  bone  disloca- 
tion usually  takes  place.     The  disease,  which  is  supposed  to  be 
<r^iiised  by  an  injury  to  the  trophic  nerves,  is  classed  by  many  as 
^x-opho- neurosis.     The  origin  of  the  disease  has  had  but  little  light 
t  I'm.  rown  upon  it.     The  process  is  a  chronic  one,  but  it  is  frequently 
fi>l lowed  by  a  disability  of  the  joint. 

Excision  has  been  performed  successfully  on  one  or  two  occa- 
s^ons,  but  it  is  probable  that  such  treatment  is  indicated  only  in 
^.^cceptional  cases. 

8.  Ankylosis, 

Ankylosis  is  usually  divided  into  two  varieties — true  and  false. 
True  ankylosis  formerly  meant  complete  bony  union  of  the  two 
l>ones  forming  the  joint,  and  it  was  confined  to  that  variety.     False 
ankylosis  was  a  term  used  to  denote  stiffness  of  the  joint  due  to 
<z  on  traction  of  the  structures  external  to  the  joint,  which  prevented 
^notion.     Many  writers  reject  the  term  "  false  ankylosis,"  and  use 
tlie    word    "contractions1'    instead.     The   word   "ankylosis"   is, 
however,  so  extensively  used  to  denote  a  stiff  joint  that  it  does 
not  seem  advisable  to  discard  "false  ankylosis."     True  ankylosis 
should,  however,  be  used  to  denote  the  firm  adhesion  of  one  bone  to 
another,  whether  it  be  by  bone,  cartilage,  or  by  connective  tissue. 
The  causes  which  bring  about  this  variety  of  ankylosis  are  of 
i  inflammatory  character.     Among  these  causes  may  be  mentioned 
uppurative  synovitis,  trauma,  particularly  fracture  into  the  joint, 
nd  inflammation  due  to  adjacent  disease  of  the  bone,  as  tubercu- 
osis  or  primary  tuberculosis  of  the  joint,  etc.     The  histological 
hanges  that  occur  consist  in  the  formation  of  granulation  tissue, 
which   may  develop  from  the   synovial  capsule   in  a  pannus-like 
growth  over  the  cartilage,  and  become  adherent  to  it.     The  car- 
tilage at  the  same  time  becomes  degenerated,  and  it  is  converted 
into  a  soft  mucous  tissue  into  which  the  connective  tissue  forces  its 
way.     Later  the  cartilage  itself  is  changed  into  connective  tissue. 
The  granulation  tissue  also  attacks  the  cartilage  of  the  opposing 
^K>ne  in  a  similar  way;  consequently  fibrous  ankylosis  takes  place. 
Such  a  fibrous  growth  may  consist  merely  of  a  few  bands  adhering 
to  opposing  cartilage,  the  rest  of  the  joint  remaining  unchanged, 
or    it  may  involve  the  entire  articular  surface,  which  is  thus  ob- 
literated.      The  cartilage  may  be  penetrated  from  below  by  the 
tissue  growing  from  the  medullary  canals  of  the  bone,  and  granu- 
lation tissue  may  work  its  way  into  the  joint  through  this  route. 
When  the  mass  of  tissue  lying  between  the  ends  of  the  bones  is 

40 


Fia  88. — Ankylosis  of  ihe  Hip-joiut  (Sj>.  1421,  Warren  III 

cartilaginous,  and  bony  union.     In  some  cases  the 
so  complete  that  anatomical  outlines  are  obliterated,  ar 
continuous  mass  of  spoul'v  bone  where  the  ioint  forme 
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the  shortening  due  to  rest  in  the  relaxed  position.     Contractions 
of  the  ligaments  and  fasciae  around  the  joints  may  occur  iu  a  simi- 
lar manner.     Menzel  showed  experimentally  that  the  contraction 
of  the  fasciae  occurred  quite  early.      Having  placed  the  hind  leg  of 
a  rabbit  in  a  plaster  bandage  for  eleven  days,  he  found  the  stiffness 
of  the  knee-joint  was  immediately  relieved  by  a  division  of  the 
/ascia  lata.      Adhesion  of  the  tendons  iu  their  sheaths  may  also 
impair  the  motions  of  the  joint.     The  stiffness  and  serous  effu- 
sion which  are  found  in  joints  near,  and  even  at  some  distance 
from,  fractures  is  almost  a  universal  occurrence.    Reyher  sought  to 
cliseover  the  cause  of  these  pathological  changes  by  experiments 
on    animals. 

Reyher  experimented  upon  dogs  with  plaster  bandages,  keeping  the  joints 

ra  fined  during  periods  varying  from  ten  to  three  hundred  and  forty-three 

days.     Until  sixty-two  days  had  elapsed  he  found  no  change  in  the  joint. 

Ltr  that  time  the  first  changes  noticed  were  a  shortening  of  the  ligaments 

aricl  of  the  capsule  at  those  points  that  were  approximated  during  the  enforced 

Later  the  capsule  was  found  considerably  thickened  by  fusion  with  the 

indurated    tissue-  which   surrounded  it.     The  synovial  membrane,   however, 

remained  normal.     There  was  no  sign  of  inflammation.     In  joints  that  had 

remained  immobilized  for  a  year  those  portions  of  the  joint-cartilages  which 

weie  actually  in  contact  remained  unchanged,  while  the  portions  that  were 

riot  in  contact  had  undergone  degenerative  changes.     It  was  thus  apparent 

that  those  portions  of  the  joint  which  remained  functionless  during  this 

period  underwent  fatty  degeneration. 

It  is  evident  that  we  have  here  to  deal  with  a  degenerative  rather 
than  an  inflammatory  change.  The  joint  has  grown  smaller,  so  as 
to  accommodate  itself  to  its  restricted  function.  This  does  not 
acrcount  for  the  inflammatory  changes,  such  as  effusion  and  ten- 
derness, which  are  seen  in  joints  soon  after  using  them  for  the 
first  time.     This  point  was  also  tested  experimentally  by  Reyher. 

Stiff  bandages  were  applied  on  dogs  for  different  periods  of  time,  and 

after  removing  the  bandages  and  applying  passive  motion  the  joints  were 

opened  and  examined.     In  those  joints  which  had  been  in  the  piaster  for  a 

few  days  no  change  was  found.     After  an  interval  of  thirty  days  there  was 

discoloration  of  the  synovial  fluid  and  infiltration  of  the  periarticular  tissue, 

After  one  hundred  and  thirty-three  days  there  was  bloody  effusion  into  the 

joint,  en yhnmsis  in  the  membrane,  and  rupture  of  adhesions. 

These  experiments  show  that  true  inflammatory  changes  follow 
the  breaking  up  of  the  adhesion  in  the  capsule*  in  consequence  of 
which  there  is  synovitis  such  as  is  ordinarily  caused  by  a  sprain. 
In  the  case  of  joints  which  lie  close  to  the  point  of  fracture  there 
are  signs  of  primary  inflammation,  which  are  often  obscured  by 
the  principal  injury.     The  joint  may  have  been.  spiavti^CA.  ^X  \\v* 
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time  of  the  fracture,  or  the  inflammatory  process  around  the  frac- 
ture may  extend  to  ami  involve  the  joint.  In  such  cases  there 
may  arise  inflammatory  changes  inside  the  joint  and  conditions 
which  may  favor  true  ankylosis. 

A  knowledge  of  these  various  causes  which  produce  stiffness  in 
the  joints  will  enable  the  surgeon  to  deal  more  tutelli  with 

individual  cases.  In  the  use  of  passive  motion  care  must  be  taken 
to  confine  it  to  those  cases  where  inflammation  does  not  exist,  and 
to  begin  the  movements  so  quietly  as  to  cause  as  small  amount  of 
injury  to  contracted  tissue  as  possible.  Massage  plays  an  import- 
ant role  in  these  conditions,  enabling  one  to  produce  absorption 
of  infiltration  into  the  periarticular  tissues,  and  thus  to  soften  the 
part  before  violence  is  applied  to  it. 

Where   an  articulation  has  been  obliterated  by  a    growth   of 
whatever  kind,  and  more  or  less  of  the  cartilage  is  destroyed,  th 
chances    of   restoring  mobility   by   breaking    up    the    adhesions 
between  the  bones  are,  as  can  readily  be  seen,  exceedingly  small. 

When  bony  ankylosis  has  taken  place  resection  of  the  joint  may 
be  performed  in  the  upper  extremity  for  the  purpose  of  restoring 
motion.  In  the  lower  extremity  this  operation  can  only  be 
employed  for  the  purpose  of  straightening  out  a  crooked  limb. 

9.  Periostitis. 

ie  periosteum  is  so  intimately  connected  with  bone  that  a  con- 
sideration of  this  tissue  as  a  separate  organ  is  hardly  advisable,  and 
the  behavior  of  periosteum  in  diseases  of  bone  has  already  been 
referred  to  on  several  occasions  in  this  book.      There  are,  how 
ever,  one  or  two  affections  of  this  structure  which  it  is   perhap^J 
better  to  consider  by  themselves.     In  studying  disease  of  the  per^Q*! 
osteum  it  is  well  to  remember  that  this  tissue  is  not  only  t 
posed  of  the  dense  membrane  which  the  dissector  finds  so  diffici^ 
to  remove  from  the  bone,  but  also  of  an  outer  layer  composed 
connective  tissue  containing  here  and  there  a  few  fat-cells. 

The  inner  layer  is  chiefly  made  up  of  fine  elastic  fibres  form  i  n ir 
a  dense  membranous  network.    In  early  life  the  periosteum  is  q 
vascular,  and  is  intimately  connected  with  the  epiphyseal  cartila^ 
but  much  more  loosely  with  the  shaft  of  the  bone.    The  blood- 
sels  contained  in  the  periosteum  make  their  way,  usually  at  a  ripht 
angle  with  the  axis  of  the  shaft,  into  the  cortical  bone,  wMd 
therefore  to  a  certain  extent  dependent  upon  the  periu  I  its 

nourishment.     In  case  of  extensive  injury  to  this  membrane  th< 
blood-supply  may  suddenly  be  cut  off  and  necrosis  or  exfoli. 
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the  bone  may  take  place.  The  thickened  periosteum  which  is 
found  in  cases  of  chronic  periostitis  is  the  result  of  an  inflamma- 
tion of  the  outer  layer,  chiefly  of  the  periosteum. 

Acute  periostitis,   particularly   that   form   which   terminates  in 

suppuration,  is  usually  secondary  to  some  form  of  infective  disease 

of  the  bone,  such  as  osteomyelitis.     It  may  also  occur  as  one  of  the 

sequelae  of  typhoid  fever,  scarlet  fever,  or  measles.     The  non-sup- 

ptirative  acute  type  may  be  the  result  of  trauma,  and  it  is  found 

principally  upon  the  superficial  bones,  as  the  tibia. 

The  symptoms  of  an  acute  periostitis  are  those  of  a  superficial 
swelling  upon  the  bone,  which  is  not  thickened  or  enlarged.  The 
swelling  is  exceedingly  tender,  the  slightest  pressure  causing  acute 
pain.  The  presence  of  pus  is  manifest  by  the  redness  of  the  skin 
and  fluctuation  in  the  centre  of  the  inflamed  mass.  An  incision 
-will  be  followed  by  a  flow  of  pus,  and  the  appearance  of  the  sur- 
face of  the  bone  shows  that  that  tissue  has  also  been  involved  in 
tlie  process,  and  is  probably  the  primary  seat  of  the  inflammation, 
sually  the  superficial  forms  of  suppurative  periostitis  are  not  very 
extensive.  The  secondary  suppurative  periostitis  which  accompa- 
nies septic  bone-inflammation  may  involve  the  greater  portion  of 
ttie  shaft  of  the  bone. 

Many  of  the  smaller  subperiosteal  abscesses  are  not  due  simply 
to   the  ordinary  pyogenic  cocci,  but  other  organisms,  whose  pyo- 
genic qualities  are  now  recognized,  are  occasionally  found.     Park 
calls   attention   to  a  number  of  instances  in  which   the   typhoid 
bacilli  have  been  fouud  in  periosteal  inflammation,  whether  sup- 
purative or  non-suppurative,  and  he  mentions  a  case  in  his  prac- 
tice of  a  boy  who  suffered  a  most  intense  and  painful  multiple 
periostitis  during  the  end  of  the  third  week  of  an  ordinary  attack 
of  enteric  fever.    Doubtless  many  such  forms  Off  periosteal  infection 
are  seen  in  other  forms  of  infectious  disease. 

The  chronic  form  of  suppurative  periostitis  has  already  been 
described  in  connection  with  tubercular  disease  of  the  bone.  It  is 
rare  to  find  a  chronic  suppuration  of  the  periosteum  which  has  not 
emanated  from  the  bone  beneath.  In  feeble  and  aged  individuals 
an  inflammation  of  the  periosteum,  due  perhaps  to  a  blow,  may 
finally  terminate  in  the  formation  of  pus.  Such  abscess  may  con- 
tain either  pyogenic  or  tubercular  organisms.  In  some  cases  of 
inflammation  of  the  periosteum  of  long  bones,  chiefly  in  young 
persons  fifteen  to  twenty  years  of  age,  the  solid  constituents  of  the 
pus  are  comparatively  few  in  number.  Under  these  circumstances 
the  contents  of  the  abscess  appear  to  consist  chiefly  of  a  mucous 
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or  synovial  fluid.  Such  cases  usually  run  their  course  without 
febrile  disturbance.  This  form  of  periostitis  has  been  regarded  by 
Poticet  and  others  of  the  French  school  afl  a  type  of  inflammation 
which  has  not  reached  suppuration,  but  has  formed  an  exudation 
rich  in  albumin.  An  attempt  has  been  made  to  separate  this 
variety  as  a  special  type  of  periosteal  disease  under  the  name 
periostitis  albuwinosa.  It  is  not,  however,  recognized  by  \ 
maun  and  others  of  his  school,  Vollert  suggests  that  there  may  be 
a  peculiar  condition  of  the  effused  serum  in  which  the  pus-cor- 
puscles are  suspended,  which  causes  the  protoplasm  to  undergo  a 
mucous  degeneration,  and  thus  brings  about  a  destruction  of  the 
cells. 

Chronic  nonsuppurative  periostitis  may  occur  as  the  result  of 
injur)-,  and  a  most  obstinate  and  painful  affection  may  be  developed 
in  this  way.     The  result  of  such  a  form  of  periosteal  inflammation 
is  to  produce  not  only  a  thickening  of  the  periosteum,  but  also  a 
formation  of  new  bone,  the  result  of  the  increased  activity  of  the 
osteogenetic  layers  of  the  periosteum.     The  new  bone  for 
much  in  the  same  way  as  is  observed  in  the  development  of  callus. 
The  bone  appears  much  thickened  at  this  point  when  examined  at* 
the  bedside.    A  section  through  the  bone,  however, 
still  well  defined  and  of  normal  thickness,  the  new  growth  having* 
formed  entirely  upon  the  surface  of  the  bone.     The  bony  trabecule 
forming  around  the  blood-vessels  and  extending  from  the  pcrio^^ 
teuin  to  the  cortical  bone  run  at  right  angles  to  those  of  the  sh^^. 
of  the  bone,  and  the  two  layers  are  thus  easily  distinguished  fro^- 
each  other. 

It  is  this  form  of  periostitis  which  is  so  often  seen  in  the  «*• 
ondary  stage  of  syphilis.     In  this  disease  enlargements  mav  "" n^i 
their  appearance   upon    the  superficial  bones,  accompanied  w— - 
symptoms  of  chronic  inflammation.     In  addition  to  the  new  b-^.  mc 
which   is   formed  beneath  the  periosteum,  there   is  a   formation 
bone  around  the  trabecular  of  the  old  bone,  in  consequence 
which  a  sclerosis  or  eburnation  of  the  bone  may  take  place.     '1 
osteosclerosis  may  eventually  involve  the  whole  thickness  of   tht 
shaft  of  the  bone,  and  the  marrow  may  disappear.     As  this  procc* 
may  go  on  in  different  parts  of  the  bone  at  the  same  time,  grcar 
irregularities  in   the  contour  may  result,  and   the  surface  apptan 
very  uneven.     Such  bones  when  macerated  are  very  characti 
tic  of  syphilis.     Occasionally  the  superficial  bone-formation  mat 
amount  to  a  growth  of  considerable  size,  resembling  an  exostosis. 
These  bony  growths  are  occasionally  seen  on  the  inner  surface  of 
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the  calvarium.  Accompanying  these  bone-formations  there  is  more 
or  less  pain,  particularly  at  night,  known  as  nocturnal  and  osteo- 
copic  pain. 

In  addition  to  the  osteoplastic  form  of  periostitis,  there  may  be 
in  syphilis  suppurative  periostitis.  The  swelling  on  the  surface 
of  the  bone  may  become  discolored  and  softened,  and  an  incision 
will  give  vent  to  a  small  amount  of  thin  pus.  At  the  bottom  of 
the  pus-cavity  the  bone  will  be  found  eroded  or  carious,  and  a  con- 
siderable amount  of  soft  granulation  tissue  is  seen  in  the  interstices 
of  the  exposed  bone.  Surrounding  the  bone-ulceration  there  is  at 
the  same  time  a  bone- formation,  and  after  the  abscess  has  healed  a 
depressed  cicatrix  with  a  raised  margin  marks  the  site  of  the  inflam- 
matory process.  If  the  suppuration  is  more  extensive,  there  may 
be  a  destruction  of  a  considerable  portion  of  the  bone  beneath,  and 
a  sequestrum  which  has  formed  may  eventually  be  removed  from 
the  bottom  of  the  sinuses.  Such  sequestra  are  occasionally  seen  in 
the  later  stages  of  syphilis  on  the  frontal  bone. 

Occasionally  a  prominent  swelling  may  form  on  the  surface  of 
the  bone,  which  swelling  is  at  first  hard,  but  later  becomes  soft, 
and  when  opened  discharges  a  thick,  clear  fluid.  The  swelling, 
if  thoroughly  laid  open,  is  found  to  consist  of  a  soft  and  gelatinous 
tissue  the  result  of  degenerative  changes.  These  gummata  are 
found  on  the  bones  of  the  skull  and  the  tibia,  on  the  hard  palate, 
and  indeed  on  almost  all  other  portions  of  the  skeleton. 

The  destruction  of  bone  produced  by  these  forms  of  syphilitic 
inflammation  may  at  times  be  quite  extensive,  and  may  be  mis- 
taken for  tubercular  or  ordinary  suppurative  periostitis  or  osteo- 
myelitis. 

The  treatment  of  periostitis  in  its  chronic  or  non-suppurative 
form  will  depend  somewhat  upon   the  etiology  of  the  particular 
case  in  hand.     In  the  chronic  non-suppurative  forms,  which  are 
the  commonest,  the  patient  usually  seeks  relief  from  pain,  which  is 
chiefly  felt  at  night,  but  it  may  also  occur  during  the  daytime.     In 
many  cases  absolute  rest  in  the  recumbent  posture  is  sufficient  to 
give  relief  to  the  pain.     The  symptom  is  apt  to  recur,  however, 
when  the  patient  begins  to  walk  again.     Counter-irritation  with 
tincture  of  iodine,  blisters,  or  even  leeches,  will  often  give  great 
relief     In  obstinate  cases,  when  local  applications  have  failed  to 
relieve  pain,  an  incision  should  be  made  through  the  periosteum  to 
the  bone.     In  the  tibia,  where  periostitis  is  so  obstinate  and  pain- 
ful, the  incision   should  be  vertical   and   of  sufficient  length   to 
divide  the  thickened  periosteum.     The  periosteum  s\\o\x\ci  \?&s.\\\^. 
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slightly  retracted,  so  as  to  relieve  the  pressure  upon  the  bone,  and 
the  edges  of  the  skin  should  be  brought  together  so  as  to  unite 
by  first  intention.  In  some  cases  it  may  be  advisable  to  bore 
into  the  bone  to  determine  the  presence  of  an  abscess.  The  sur- 
face of  the  bone  should  always  be  carefully  inspected.  In  case  of 
suppuration  the  surface  of  the  pus-cavity  should  thoroughly  be 
curetted,  and  the  wound  should  be  allowed  to  heal  by  granulation 
under  a  dressing  of  iodoform  or  aseptic  gauze.  In  case  of  deep- 
seated  suppuration  in  the  bone  with  necrosis  the  abscess-Cc: 
should  be  laid  open  thoroughly  when  the  sequestrum  has  loosened, 
and  the  dead  bone  should  be  removed.  The  same  radical  measure 
should  be  adopted  in  the  syphilitic  cases  of  suppurative  periostitis 
and  ostitis  that  has  already  been  laid  down  in  the  chapter  on  Os- 
teomyelitis, and  the  internal  administration  of  iodide  of  potassium, 
with  or  without  mercury,  should,  not  be  neglected.  Many  cases  of 
chronic  suppurative  periostitis  of  syphilitic  origin  will  heal  rapid!  v 
without  operation  under  specific  treatment 


XXVIII.    TUMORS 


TtfE  word  "  tumor  "  is  used  freely  by  surgeons  and  pathologists 
describe  all  kinds  of  swellings,  but  in  its  more  limited  signif- 
icance it  is  applied  to  a  certain  well-defined  group  of  pathological 
growths.  A  tumor  may  be  defined  as  a  malformation,  non-inflam- 
matory in  character,  existing  as  a  more  or  less  independent  struc- 
ture,  not  fulfilling  any  physiological  purpose. 

It    was   not    until     Virchow   published    in    1863    his   work   on 
tumors  that  there  had  been  any  scientific  classification.     Previous 
to    that  time  all  was  confusion,  and  but  few  partially  successful 
attempts  had  been  made  to  substitute  a  more  orderly  arrangement 
>Iany  of  the  old  names  in   use  at  that  time  show  that  surgeons 
tv^re  content  to  base  their  classification  on  the  outward  appearance 
,  .r    on   the  consistency  of  tumors.      Some  of  these  names,  such  as 
fungus  hsematodes, "  etc.,  are  unknown  to  the  present  genera- 
tion, but  such   terms  as  "polyp"  and  "scirrhus"  and   "cauli- 
flower" are  legacies  to  which  many  still  cling,  and  "sarcoma," 
^tiH  in  good  standing,  was  first  used  to  indicate  the  fleshy  appear- 
ance of  certain  growths. 

Abemethy,  however,  during  the  latter  part  of  the  eighteenth 
<»^wtury  called  attention  to  the  resemblance  which  certain  tumors 
li^d  to  certain  tissues  of  the  body. 

There  existed,  however,  among  the  laity,  as  well  as  among  the 

profession  at  this  time,   a  firm  belief  that  tumors  were  a  sort  of 

parasite  attached  to  and  growing  in  the  body.     Many  tumors  were 

jri    /act  classified  as  "entozoa."     It  was  supposed  that  tumors  were 

composed  of  structures  essentially  different  from  those  which  are 

/c*i*nd    in    the    body,    and    that    an    independent    circulation    was 

fo*  uied   in   them,   as   in   the   embryo   of  the  chick,    and   later  a 

com  munication  was  established  between  its  own  vascular  system 

an<^      that  of  the  body. 

3ichat  in  attempting  to  divide  tumors  into  two  families — those 
«h   resembled   anatomical   structure   and   those   which   had  a 
-  r~  "*-^  cture  tut  generis — showed   himself  to  be   influenced  by  the 
■  ^.ailing   belief  of  the   time.       Lobstein  introduced   the  words 

t^amcEGplastie"  and   "heteroplastic"  to  indicate  V\us>  6Sffiifcw&fcfc 
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develop  trom  a  dyscrasia  which  produced  a  profound  chan 
blood,  and  it  was  therefore  hoped  that  there  could  be 
from  it  a  chemical  substance  which  would  represent  its  n 
quality — a  sort  of  carcinomatin  (which,  by  the  way,  has  re 
lately  under  the  name  of  cancroin),  and  which  would  a 
means  of  diagnosis.  Tumors  of  all  kinds  were  sub 
chemical  examinations,  and  these  views  affected  even  so 
writer  as  Rokitansky.  A  feeling,  however,  existed  at  I 
that  a  more  exact  classification  of  tumors  was  needed. 
mann  in  1815  declared  that  tumors  were  copies  of  th< 
organic  parts  of  the  body  from  which  they  grew. 
Warren,  writing  in  1834  on  tumors,  proposed  "to  pn 
different  tumors  under  the  head  of  the  different  textun 
body,  so  far  as  may  be  done."  It  was  but  a  short  time 
that  Johannes  Muller  gave  the  law  that  "the  tissue  of 
tumor  is  composed  has  its  type  in  the  tissues  of  the  anir 
either  in  the  adult  or  in  the  embryonic  condition.'" 

The  attempt  to  find  a  specific  chemical  substance  havi 
an  effort  was  next  made  to  discover  a  specific  sarcoma-  o 
cell,  and  the  view  prevailed  (more  particularly  in  France 
spindle-cell  described  by  Lebert  was  the  specific  element  < 

It  remained  for  Virchow  to  sweep  away  all  theories  at> 
thing  specific,  something  which  did  not  already  exist  in 
He  demonstrated  for  all  time  that  cells  could  not  develo] 
in  a  blastema  or  fluid,  and  that  the  type  which  rules  in  tl 
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are  examples  of  heterology  as  found  in  the  body  of  man.  Tumors, 
iiowever,  cannot  be  classified  under  these  two  heads,  for  a  certain 
growth  may  be  homologous  at  one  time  and  heterologous  at  an- 
other. As  a  rule,  however,  when  a  growth  is  found  occurring  in  a 
tissue  where  it  does  not  belong,  it  is  probably  malignant,  and  ho- 
mologous growths  are,  as  a  rule,  benign. 

Of  the  various  theories  as  to  the  origin  of  tumors,  that  of  Cohu- 
lieim  has  of  late  years  attracted  most  attention.     This  theory  seeks 
3H  explanation  in  abnormal  conditions  of  the  embryonic  cells, 
ording  to  this  theory  there   must   have   been   in   the   embryo 
during  its  development  more  cells  produced  at  some  point  than  are 
necessary   for   the  development   of  that  particular  region.     This 
excessive  cell-production  may  have  been  distributed  over  one  of  the 
germinal  layers  or  it  may  have  been  limited  to  some  one  spot     In 
the  latter   case  a  single  organ  might  be  the  seat  of  a  growth  at 
some  future  time;  in  the  former,  the  whole  system  might  be  in- 
volved, such  as  the  skin,  the  adipose  tissue,  or  the  bones.     In  con- 
firmation of  this  theory  Cohnheim  quotes  the  experiments  of  Leo- 
pold, who  showed  that  when  fragments  of  cartilage  from  a  young 
rabbit  were  transplanted  into  the  peritoneal  cavity  they  were  more 
or  less  completely  absorbed,  but  that  when  fcetal  cartilage  was  used 
for  transplantation  there  could  be  produced  a  considerable  growth 
which  might  present  the  characteristics  of  an  enchondroma.      In- 
deed, Virchow  called  attention  to  fragments  of  cartilage  in  the  shafts 
of  bones  near  the  epiphyseal  line,  which  fragments  might  become 
the  source  of  a  tumor. 

The  occurrence  of  that  variety  of  tumor  known  as  "  teratoma," 
as  well  as  of  many  other  congenital  forms  of  tumor,  is  in  favor  of 
tli is  theory.  The  dermoid  cysts  of  the  orbit  and  the  neck  are  the 
results  of  an  incomplete  obliteration  of  the  branchial  clefts.  That 
a  child  of  ordinary  size  should  sometimes  grow  to  be  a  giant,  or 
that  gigantism  of  an  extremity  should  develop  after  birth,  is  a  pos- 
sibility that  can  hardly  be  explained  in  any  other  way. 

The  embryonic  nature  of  the  tissues  of  sarcoma  suggests  the 
origin  of  these  tumors  from  such  remains  of  fcetal  structure.  The 
immediate  cause  of  their  growth,  after  a  dormant  period  which  may 
extend  through  the  greater  portion  of  life,  is  explained  by  Cohnheim 
H  due  to  an  increased  blood-supply  to  the  part.  Physiologically, 
there  is  seen  such  an  increased  nutrition  at  different  portions  of  the 
body  at  the  age  of  puberty:  with  the  development  of  the  sexual 
organs  there  come  a  growth  of  hair  and  a  change  of  features  to 
those  more  closely  resembling  the  parental  type.     At  this  time 


Virchow  to  increased  local  irritation  at  those  points.  A 
example  is  cancer  of  the  lip,  which  has  been  supposed  to 
the  use  of  the  pipe.  Cancers  are  frequently  seen  at  othe 
such  as  the  pylorus,  the  os  uteri,  and  the  rectum.  Cobnht 
ever,  explains  this  peculiarity  by  the  complicated  arraqg 
these  points  of  the  germinal  structures,  where  folds  of  tl 
ual  membranes  occur  or  where  the  germinal  membrane 
The  hereditary  predisposition  to  tumors  is  strongly  n 
certain  cases,  and  examples  are  not  infrequent  where  ca 
apparently  descended  through  several  generations.  In  tl 
of  a  patient  upon  whom  the  writer  operated  for  cancer  of  t 
there  existed  a  marked  hereditary  predisposition.  The 
grandmother  died  of  cancer  of  both  breasts  at  the  age  of 
maternal  aunt  died  of  cancer  of  the  breast;  a  cousin 
mother's  side  died  of  cancer  of  the  rectum;  and  an  auu 
father's  side  was  operated  upon  the  year  before  for  cane 
breast  Such  family  tendencies  have  been  recorded,  but 
not  sufficiently  numerous  to  establish  a  law.  In  102  cases 
were  found  by  Lebert  to  have  had  ancestors  who  stifle 
cancer,  and  Leroy  d'Etiolles  found  only  1  such  in  278  c 
tendency  to  the  development  of  malignant  growths  is  suj 
consist  in  the  inability  of  the  surrounding  tissue  to  resist, 
seeks  in  this  want  of  resistance  in  the  connective  tissue, 
about  by  age,  an  explanation  of  the  growth  of  cancer  at  th 
of  life,  the  yielding  tissue  being  unable  to  resist  the  grow 


0(  carcinoma,  and  Wolff's  series  yielded  only  12  per  cent,  due  ap- 
parently to  the  same  cause. 

Virchow  divided  tumors  into  three  general  groups:  histoid 
growths,  or  those  in  which  only  one  tissue  is  found,  such  as 
fibrous  tissue,  which  is  found  in  fibroma;  organoid  growths,  or 
those  which,  like  organs,  are  composed  of  a  combination  of 
tissues,  such  as  epithelium  and  connective  tissue,  which,  for 
example,  are  found  in  adenoma;  teratoid  growths,  or  those  com- 
posed of  one  or  more  complex  structures,  such  as  hair,  bone,  and 
teeth,  the  commonest  example  of  which  is  found  in  dermoid  cysts 
of  the  ovary. 

•  The  classification  generally  adopted  at  the  present  time  agrees 
with  that  which  Virchow  arranged  on  an  anatomical  basis.  Several 
of  the  groups  included  by  him  in  the  family  of  tumors  have  been 
omitted  by  subsequent  authors,  such  as  the  hsematoma,  the  hy- 
groma, the  retention-cysts,  and  granulation  tumors  (tubercle,  etc.). 

Co$t  n  cctii  'c*  tissue  Group. 

Fibroma,  Myxoma,  Glioma,  Lipoma, 

Osteoma*  Enchondroma,       Sarcoma. 

Group  of  Tissues  of  Higher  Function. 


Myoma,         Neuroma,         Angioma, 

Rpithelial  Group. 
Adenoma,  Carcinoma, 


Lymphangioma. 
Endothelioma, 


Cystoma, 


Teratoma. 


Clinically,  tumors  may  be  divided  into  two  principal  families, 
the  benign  and  the  malignant  growths.  To  the  latter  group 
belong   carcinoma    and    sarcoma.     A    few   of   the  other   forms   of 

<»rs  have  occasionally  malignant  tendencies  when  departing 
from  their  usual  type,  but,  as  a  rule,  all  other  tumors  may  be 
regarded  as  benign. 


XXIX.   CARCINOMA. 


-so- 


Carcinoma  may  be  defined  as  a  tumor  composed  chiefly  of 
epithelial  cells,  differing  more  or  less  in  their  type  and  arrange- 
ment from  the  normal  epithelial  structures  and  having  a  tendency 
to  an  unlimited  growth.  These  cells  grow  into  the  surrounding 
connective  tissue,  which  is  thereby  stimulated  to  increased  devel- 
opment. Carcinoma  is  composed,  therefore,  of  two  distinct  struc-  ^ 
tures — the  epithelial  cells  and  the  vascular  stroma. 

The  epithelial  cells,  true  so  far  to  their  type,  lie  in  contact  withy- 
one  another,  being  more  or  less  firmly  united  by  a  cement  sufcr 
stance,   or   sometimes  they  are   apparently   continuous   with   oig-»s^ 
another,   aud  are   not  supplied  with   blood-vessels.      The   stroit^^ 
containing  the  vascular  supply  is  arranged  with  alveoli,  in  whi^^. 
lie  the  cancer-cells.     The  absence  of  a  tissue  intervening  bet*- 
the  cells  is  characteristic  of  epithelium,  and  it  constitutes  |  m::*=^, 
by  which,  in  doubtful  cases,  cancer  is  distinguished  from  sarcor^^r] 
In  alveolar  sarcoma  is  presented  an  arrangement  of  the  cells  rlres^    ^ 
resembling  cancer,  but  close  inspection  shows  that  a  fine  reticul 
of  connective  tissue  separates  the  sarcomatous  cells  from 
other. 

Carcinoma  (xa/wfi/oc,  a  crab),  or  cancer,  derives  its  name  fV^ 
the  peculiar  outward  appearance  which  the  disease  has  when  i 
trating  the  skin,  showing  numerous  prolongations,  accompanied  by 
hyperemia  of  the  blood-vessels.     The   word  **  cancer"  has  beta 
used  both  by  the   laity  and  the  profession   to  mean  any  kin-; 
malignant  growth:  for  this  reason  some  pathologists  prefer  t« 
card  the  term.     Its  derivation,  however,  is  the  same  as  cfli 
and  it  should  therefore  be  used  to  signify  only  malignant  epithelial 
growths,  aud  be  synonymous  with  carcinoma. 

Cancer  has  its  origin  in  the  epithelial  structure  of  the  boc&y 
only.     Remak    first   formulated   the    law    that   the  tissue-  I 

embryo  were  developed  from  three  germinal  layers,  and  that  tk  J 
tissues   of  these   layers  were   throughout   life   distinct   from  cm 
another.       This   theory   has   not    universally   been    accepted 
pathologists,    sonic   of   whom   have   thought    that    cancer  raig 
originate   in  connective-tissue   structures.     When    it   was  disco 
ered  that  cancer  grew  from  endothelium  as  well  as 
Ml 


tliis  was  supposed  to  be  an  exception  to  the  law,   but  now  it  is 
tnown  that  these  two  kinds  of  cells  spring  from  the  same  embry- 

rnic  tissue. 
Many  pathologists  have  cited  instances  where  cancer  appeared 
to  spring  from  bone  or  muscle,  but  in  such  cases  it  has  generally 
been  found  that  the  primary  growth  was  exceedingly  small    and 
had  been  overlooked. 

I  The  etiology  of  cancer,  as  has  been  seen,  is  still  obscure,  but  a 
great  deal  of  interest  has  been  taken  of  late  years  in  the  question 
of  the  parasitic  origin  of  this  disease.  The  presence  of  bacteria 
in  carcinomata  has  been  noticed  by  numerous  observers.  Scheu- 
erlen  reported  in  1887  a  cancer  bacillus  which  had  been  obtained 
by  culture.     The  bacilli  were  short,  and  were  capable  of  develop- 

Iing  spores.  These  organisms,  when  inoculated  into  the  mammary 
gland  of  bitches,  produced  tumors  containing  epithelial  cells. 
Kubasoff  injected  into  and  fed  to  animals  a  bacillus  he  obtained 
from  cancer,  and  it  produced  nodules  in  the  internal  organs.  It 
was  not   clear,    however,    that    these    growths   were  epithelial   in 

I  structure.  Verneuil  found  certain  bacteria  in  the  degenerating 
parts  of  cancer  that  he  thought  stimulated  the  growth  of  tumors 
byexcitincr  them  to  increased  cell-production.  Streptococci  have 
been  found  in  metastatic  growths  of  cancer,  showing  that  bacteria 
can  be  carried  through  the  circulation  to  tumors,  where  they  can 
settle  and  grow.  Various  forms  of  bacteria  have  been  observed 
from  time  to  time  in  carcinoma  by  careful  investigators. 
It  is  evident  that  these  organisms  form  in  cancer,  and  it  is 
probable  that  they  produce  inflammations  and  necroses  in  the 
tumor,  and  in  some  cases,  possibly,  they  have  some  connection 
•with  the  cachexia,  but  no  evidence  lias  been  adduced  to  induce 
the  belief  that  they  have  any  causal  connection  whatever  with  the 
tumor  (Councilman ). 

The  presence  of  intracellular  organisms  of  quite  a  different 
character  from  bacteria  has  created  much  more  speculation  during 
the  last  few  years. 

Since  the  anatomical  nature  of  cancer  has  been  understood,  it 
has  been  known  that  peculiar  cell-like  bodies  are  a  characteristic 
feature  of  the  disease.  Some  of  these  bodies  are  found  in  the 
so-called  "epithelioma/1  and  form  the  centre  of  cell-nests,  and 
they  were  supposed  to  be  cells  undergoing  degenerative  changes, 
such  as  colloid  degeneration  or  the  horny  change.  In  the  alveoli 
°*  the  more  malignant  forms  of  cancer  cells  apparently  undergoing 
vaeuolation  are  often  seen. 
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Virchow  as  early  as  1861   did  not  accept  these  views,  but 
suggested  the  idea  of  an  endogenous  cell-formation,  and  he  naHW* 
some  of  these  cells  (l pkysatides"  (y-yuy.rc,  a  bladder).      Recti 
the  view  has  been  gaining  ground,   although   it  is  still 
disputed  by  many  good  observers,  that  these  cells  existing  wi 
the  epithelial  cells  do  not  belong  to  the  human  organism,  bin 
that   they   are   animal   parasites   of  a   very   simple   organ 
consisting  of  a  single  cell  and  classified  as  one  of  the  am 
forms  of  protozoa. 

A  very  brief  account  of  the  members  of  this  family  of  the 
kingdom  of  the  protozoa  may  here  be  given.  The  sporozoa  vcre 
described  by  Balbiani  as  being  composed  of  five  different  species 
of  organisms — namely,  gregariuettm,  coccidium,  sarcosporidinm, 
myxosporidium,  and  microsporidium.  These  parasites  are  widely 
distributed.  They  are  found  in  all  animals  from  man  to  the 
infusoria.  Some  of  them  give  rise  to  epidemics  of  a  grave 
character  in  animals,  as  the  coccidium  in  the  rabbit — quite  a 
common  disease  in  France,  but  rarely  seen  in  America.  The 
sarcosporidinm  gives  rise  to  an  epizootic  disease  in  sheep,  swine, 
and  poultry.  A  number  of  fish  annually  die  of  disease  produced 
by  the  presence  of  the  myxosporidium,1  and  the  microsporidium  is 
the  organism  which  caused  such  ravages  among  the  silkworms  of 
France,   producing  the  maladic  dc  la  pi'briuc. 

The  coccidium  is  the  species  said  to  be  found  in  cancer,  and  is, 
therefore,  of  especial  interest.  This  organism  consists  of  a  finely 
granular  mass  of  protoplasm,  with  a  nucleus  not  easily  seen,  and 
without  an  enveloping  membrane  during  its  period  of  growth,  and 
in  this  period  it  inhabits  an  epithelial  cell,  where  it  becomes  encysted. 
It  finally  breaks  away  from  its  host,  and  segmentation  and  sporuh- 
tion  take  place.  The  spores  in  tv  be  voided  from  the  intestine  flj 
an  animal  to  enter  that  of  another  with  the  animal's  food,  and  the 
cycle  of  development  begins  again.  Sporulation  may  take  place 
also  inside  the  epithelial  cell,  as  in  the  salamander,  and 
this  process  quite  complicated  structures  form  which  it  i^ 
necessary  to  describe.  The  spores  when  freed  enter  a  new  cell, 
and  thus  multiply  (Steinhaus).  Balbiani  was  able  to  cw 
these  organisms  in  water  and  in  wet  sand,  and  he  was  thus 
enabled  to  observe  the  changes  which  took  place  during  sporula- 
tion. These  organisms  are  very  common  in  the  livers  of  rabbits. 
Delapine  found  them  in  92  per  cent,  of  all  rabbits  examined.    Jd 

'Scott  slates  that  in  American  trout  transplanted  to  New  Zealand  he   ha*  oftcafiail*' 
the  base  of  the  tongue  a  tumor  which  proved  on  microscopic  examination  10  bearnW* 


rers  of  these  animals  they  form  tumors,  which  are  cyst-like, 
ppear  to  consist  of  a  dilatation  of  the  bile-ducts.  These 
5  contain  epithelial  tissue  which  is  described  as  adenomatous 
tpillomatous.  These  organisms  are  found  in  the  new-formed 
lial  cells,  and  also  occasionally  one,  or  more,  is  found  in 
:ells.  There  is  considerable  infiltration  of  the  surrounding 
with  granulation  cells. 

at  the  pathogenic  qualities  of  the  sporozoa — or  the  t4psoro- 
i,11  as  French  authors  call  them- — are  not  confined  to  the  lower 
Is  lias  been  recognized  for  many  years.  Gubler  described  as 
50  as  1868  a  tumor  of  the  human  liver  that  was  supposed  duriug 
be  an  hydatid  cyst,  but  after  death  a  large  number  of  cancer- 
3kmg  tumors  were  found  in  the  liver,  one  of  them  five  inches  in 
ter.  Within  these  tumors  coccidia  were  found  in  or  near  the 
Hum.  There  was  very  marked  cachexia  during  life,  as  is  so 
ieen  in  cancer.  Podwyssozki  found  coccidia  in  cystic  tumors 
bile-duct  and  in  the  liver-cells,  causing  irritation  of  the 
live  tissue  and  giving  rise  to  icterus.  He  gave  to  them  the 
karyophagus  hominis.  They  have  also  been  found  in  the 
1  intestine,  accompanied  by  considerable  destruction  of  the 
Hum.  They  have  been  observed  in  cases  where  the  epithe- 
loes  not  appear  to  have  been  affected,  as  in  pleuritic  effusion 
1  the   interstitial  tissue  of  the  kidney  in  a  case  of  Brigltts 

e  of  the  first  observations  tending  to  associate  these  organ- 
vith  cancer  was  made  upon  a  disease  which  was  described 
aneously  by  Podwyssozki  under  the  name  oi psorospermose 
(aire    vcgclante    and    by    White    as    keratosis  folHcularis, 

attributed  the  disease  to  the  presence  of  organisms  resem- 
:occidia.  He  next  studied  them  with  Wickham  in  a  case  of 
s  disease  of  the  nipple.  In  the  mean  time  Thoma  observed 
n  various  forms  of  cancer.  Darier  describes  them  as  enclosed 
valine  membrane  of  double  contour,  from  which  they  shrink 
hardened  in  alcohol.  These  organisms  as  they  grow  push 
cleus  into  one  corner  of  the  cell  which  they  occupy,  so  that 
ten  difficult  to  find  the  nucleus.     Sometimes  they  are  repre- 

Qfl  consuming  the  nucleus;  sometimes  enclosed  in  a  mem- 

and  sometimes  without  one.  Sjobring,  who  undertook  to 
he  cycle  of  development,  followed  them  from  the  cells  of  a 
lary  cancer  into  the  ducts  of  the  gland,  and  finally  he  ob- 

them  in  the  stage  of  sporulation. 
isell  reported  that  these  organisms  could  be  ^wV\c\\\wtV$  ^^ 


" 
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[brought   out  by  fuchsin  staining,   but   he   regards   these  fuch>m 
bodies  as  being  closely  related  to  the  yeasts;  Woodhead,  who  also 
studied  them  with  fuchsin,  regards  them  as  coccidia.      He  found , 
them  most  numerous  in  rapidly-growing  cancers  and  in  secondary^ 
nodules,  and  MetschnikofF,  whose  training  qualifies  him   for  d< 
mining  the  nature  of  such  bodies,  considers  them  parasites,  prob^ 
ably  belonging  to  the  order  of  coccidia.      The  number  of  observa- 
tions is  now  very  great,  and  observers  agree  practically  upon  th^- 
morphology  of  these  structures,  such  differences  as  are  reported  ^ 
description  being  probably  due  to  accidents  of  growth  in  the  tum- 
or to  methods  of  preparation  (Fig.  89). 

There  are  one  or  two  suggestive  points  brought  out  in  this  co^ 

nection  by  different  obse-^. 
ers.     Darier,  in  describe   2, 
these   organisms  in   carx^ 
of  the  nippii 
the    corpuscles  may  h 
become  implanted  betw^ 
the   papilla?   of  the  uipn/p 
during  washing,  as  the  < 
cidia  live  in  water.     Th 
cultivation  experiments 0/ 
Ilalbiani   in  wet  sand  haw 
already   been    alluded  la 
Haviland,  who  made 
ful  study  of  the  geo^ 
cal  distribution   of  cancer 
in  England,  found  that  the  J 
disease  is  most  prevalent  it] 
marshy  regions  and  in  tli 
wet  soil  of  river  J 

ject  to  inundations.  Wfl 
head   points    otll 

conditions  present  in 

localities  are  exactly 
necessary  for  the  development  of  psorosperms  in  rabbits — a 
which  is  most  frequently  met  with  among  rabbits  whose 
over  marshy  ground  or  over  narrow  areas  where  the  draii 
imperfect. 

Observers  are  not  unanimous,  however,  as  to  the  parasitic 
of  these  organisms.     Schutz  thinks  that  most  of  the  qncsj 
nlar  structvues  fovvaAAw  caLtQ\wa\\\a.V.,A.  should  be  re.fi 


.—Cell-inclusions  in  Cancer  of  the  Breast. 
<he  so-called  "  protozoa'"  (oc.  3,  obj,  ^  oil-im, ). 
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lie  to  leucocytes  which  have  become  imbedded  in  the  cell.  Klebs, 
ter  careful  study  aud  experiment,  decides  that  there  are  no  posi- 
ive  grounds  for  regarding  these  cells  as  parasites.  He  sees  in  the 
esence  of  these  cells  within  the  epithelial  cells  evidence  ap- 
rently  of  the  old  French  theory  of  the  action  de  prcsencey  the 
ucocytes  exerting  a  fructifying  influence  upon  the  cancer-cells 
d  causing  them  to  multiply,  Many  still  hold  to  the  old  idea  that 
ey  are  degeuerated  epithelial  cells.  All  attempts  to  cultivate 
ese  cells  from  cancer-growth  appear  to  have  failed,  and  the  num- 
r  of  cases  in  which  cancer  has  been  inoculated  successfully  into 
imals  is  exceedingly  limited.  Hanau  succeeded  in  transferring 
typical  epithelium  from  a  rat  to  two  other  rats.  He  succeeded 
also  in  transplanting  an  epithelioma  from  one  part  of  a  man  to 
another  portion  of  his  body,  and  in  obtaining  metastatic  deposits 
around  the  implanted  growth.  Cancer  has  been  transferred  from 
one  locality  to  another  in  the  same  individual  in  several  other 
cases.  Wehr  also  successfully  transferred  cancer  from  man  to 
dogs.  Hanau  does  not,  however,  regard  his  experiment  as  proof 
of  the  infectious  nature  of  cancer. 

Councilman  does  not  consider  these  structures  parasitic,  having 
seen  them  in  many  other  morbid  processes  as  well  as  in  cancer. 
The  parasitic  origin  he  does  not  think  has  yet  been  proved,  and  on 
eoretical  grounds  it  is  hardly  likely  to  be  proved.     Park,  bow- 
er, sees  in  these  investigations  sufficient  to  encourage  the  hope 
at  surgeons  are  on  the  eve  of  great  discoveries  which  will  settle 
he  question  of  the  origin  of  cancer. 

Cancer  is  said  to  be  less  common  in  tropical  than  in  temperate 

limates.     Haviland,  as   has  been  seen,  proved   the  disease  most 

prevalent    in  damp  and  in  low-lying  districts  in  England.     It  is 

.id  to  be  less  frequently  seen  in  Turkey,  in  Egypt,  and  in  the  West 

tidies,   but  this  is  doubted  by  Ziemssen.      Negroes  are  generally 

supposed  in  America  to  be  much  less  afflicted  with  cancer  than  the 

white  race.     In  England  statistics  show  that  there  are  about  30,000 

patients  suffering  at  all  times  from  cancer. 

In  the  Tenth  Census  of  the  United  States  (1880)  Billings  states  that  the 

umber  of  deaths  during  the  census  year  was  13*068,  of  which  4875  were 

a*]es  and  Sro.i  were  females.     He  found  also  that  cancer  is  most  frequent 

"Hong  farmers,  hotel-  and  restaurant-keepers,  carpenters  and  joiners,  physi- 

clergytnen,  and  sailors,  while  it  is  comparatively  rare  among  printers, 

lroad  officials,  clerks,  government  officials,  factory  operatives,  miners  and 

c*n-  and  steel -workers.     An  interesting  map  prepared  by  Billings  shows 

^t  cancer  is  especially  prevalent  in  the  New  England  States  and  on  the 

uthern  Pacific  const;  that  it  is  prevalent   in   New  YotYl,  Yw\t»y\«M\v&, 
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and  Ohio,  in  the  interior  of  Michigan,  and  in  the  southern 
cousin.     It  is  least  prevalent  in  the  Mississippi  Valley  and 
and  the  proportions  are  generally  lower  in  the  coast  regions 
interior. 


5  lar; 
»n  th 
rnia, 
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According  to  Park,  the  mortality  from  cancer  is  larj 
about  Western  New  York  and  the  adjoining  region 
part  of  the  country  save  a  limited  area  in  Californi 
lias  recently  called  attention  to  the  fact  that  cancer 
may  repeatedly  show  itself  in  certain  houses.  This  authi 
a  series  of  four  cases  of  cancer  occurring  within  fourtei 
persons  unrelated  by  blood  who  were  living  in  a  sin 
Power  reports  the  history  of  three  housekeepers  who  sic 
cession  for  several  years  in  the  same  bed-room.  The  fn 
the  room  for  thirteen  years  and  died  of  cancer  of  the  sto 
second  after  a  residence  of  twenty  years  died  of  cancer 
the  third  died  at  the  end  of  eight  years  of  cancer  of  th 
uterus.  They  were  all  in  good  health  at  the  time  of  tl 
ment  in  the  position.  Chapman  reports  a  series  of  three 
unrelated  occupants  of  a  house  who  became  affected  with 
the  rectum. 

The  cancer-cells,  by  their  peculiar  form,  indicate  tl 
from  epithelium.  They  are  large  cells  of  varying  sizes  a 
containing  one  or  more  round  or  oval  nuclei  with  large, 
nucleoli.  They  retain  more  or  less  the  appearance  ani 
ment  of  the  parent  cells,  so  that  the  descendants  of  epid< 
have  the  rough  edges  and  a  tendency  to  the  horny  eh 
those  which  grow  from  cylinder  epithelium  have  a  tendc 
main  cylindrical;  but  this  is  not  always  so,  and  in 
the  rapid  growth  the  cells  are  crowded  into  various  shape 
assume  a  polymorphous  type.  The  departure  from  the  £ 
type  is  so  great  at  times  that  the  new  growth,  althougl 
thelial,  might  with  justice  be  regarded  as  a  caricature  o 
ma]  cells. 

The  stroma,  which  is  composed  of  fibrous  tissue,  i 
or  less  infiltrated  with  small  round  cells.     It  may  be  a 
scanty.     When  there  are  few  epithelial  cells  the  stroma 
the  greater  part  of  the  tumor,  and  there  is  a  dense,  ha 
but  when  the  epithelium  rtppears  to  predominate  the 
which  separate  them  into  different  clusters,  are  thin  and 

■  ft.     If  the  cut  surface  of  a  soft  cancer  be  scrape  I 
sharp  edge  of  a  knife,  there  is  obtained  a  milky  flui 
sue  cancereuse^  w\Vvc\i  -was  sw^o^d.  to  be  a  diagno  - 
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cer,  but  which  is  merely  the  fluid  and  the  pulpy  tissues  that  contain 
the  cells.  There  is  nothing  specific  in  the  appearance  of  these 
cells.  Usually  there  are  several  clusters  of  cells  adherent  to  one 
another,  which  are  suggestive  of  cancer,  but  a  positive  diagnosis 
can  be  made  only  with  the  microscope,  when  the  epithelial  cells 
are  seen  lying  in  their  alveoli. 

Cancer  begins  to  grow  by  multiplication  of  the  epithelial  cells 
of  the  part.  If  the  very  first  change  seen  in  a  cancer  of  the  breast 
be  studied,  a  proliferation  of  the  epithelium  of  an  acinus  will  be 
tumid,  so  that  it  becomes  distended  with  the  growth.  The  hyaline 
membrane  of  the  tunica  propria  presently  disappears,  and  later  the 
outer  layer.  The  epithelial  growth  now  breaks  through  into  the 
nurounding  connective  tissue  and  makes  its  way  along  the  route 
jf  the  lymphatics.  The  rapidity  with  which  such  a  growth  may 
ake  place  depends  largely  upon  the  power  of  resistance  of  the  sur- 
•ounding  tissues.  The  thin  walls  of  a  gland  or  a  duct  may  yield 
eadfly,  but  the  thick  layer  of  the  corium  is  much  more  resistant, 
nd  carcinoma  in   this  region  pursues,   therefore,   a  much   more 

ronic  course. 

The  route  through  which  cancer  spreads  to  distant  parts  is 
bTOagh  the  lymphatic  system.  In  this  respect  it  differs  from 
arcoma,  which  spreads  much  more  frequently  through  the  blood* 
essels.  The  cells  are  pushed  forward  chiefly  by  the  pressure 
aused  by  their  growth.  It  is  possible  that  they  may  progress 
Iso  in  virtue  of  active  movements  that  have  been  observed  in 
beta  (Carmalt).  The  lymphatic  glands  are  affected  early  in  the 
isease. 

In  a  case  of  cancer  of  the  breast  which  the  writer  removed  recently  the 
atient  was  able  to  state  the  exact  date  of  its  origin,  the  place  where  the 
Ttwth  was  formed  having  been  examined  a  day  or  two  before.  The  opera- 
ion  was  performed  when  the  growth  was  three  weeks'  old,  and  already  a 
odule  the  size  of  a  small  pea  was  found  in  a  Ivmphatic  gland  of  the 
xj]la. 

If  such  a  gland  be  examined,  at  first  the  lymph-spaces  will  be 
onnd  crowded  with  cancer-cells.  The  tissue  of  the  gland  is  soon 
nvaded,  however,  and  it  becomes  plugged  by  the  new  growth,  so 
hat  the  disease  is  arrested  for  the  moment  at  this  particular  point, 
-aterthe  cells  grow  into  the  neighboring  tissue  and  the  process  of 
nfection  continues.  As  the  cancer  spreads  it  becomes  more  vigor- 
ous in  its  growth,  and  during  the  later  stages  of  the  disease  it  destroys 
lense  fascia  and  even  bone.  It  progresses  here  by  substituting  its 
issue  for  that  of  the  organ  which  it  invades.     OccasKoxvaWj  \\.\wa^ 
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degenerative  changes  seen  in  the  primary  growth  may 
Occasionally  in  rapidly-growing  cancers  the  metastftti 
may  depart  from  the  original  type,  and  in  some 
growth  is  so  active  that  the  alveolar  arrangement  seems 
and  it  is  only  by  careful  study  that  carcinomatous  struct 
demonstrated.  In  snch  rapid  forms  of  growth  a  gener; 
sis  may  take  place,  to  all  parts  of  the  system  probably, 
pie  minute  emboli.  Such  a  condition  is  termed  an  acu 
carcinosis. 

The  constitutional  disturbance  caused  by  the  disease  i 
the  cancerous  cachexia,  and  it  consists  in  rapid  emaciatioi 
and  loss  of  strength.  The  growth  of  cancer  is  supposed 
this  condition  in  virtue  of  the  injurious  influence  whit! 
upon  the  organs.  It  also  abstracts  material  from  the 
the  nutrition  of  the  growth.  Rindfleisch  assumes  that  t 
epithelial  cells  aid  in  the  elimination  of  certain  chemical 
from  the  system.  When,  however,  these  cells  are  enclose 
in  the  interior  of  the  tissues,  as  in  cancer,  the  substances 
thrown  off,  and  at  the  same  time  the  products  of  the  de 
processes  that  are  going  on  in  the  growth  are  carried  in 
dilation,  and  they  exert  a  poisonous  influence  upon  the 

The  retrograde  changes  seen  in  cancerous  growths  s" 
selves  often  quite  early.  Cancer-cells  are  prone  to  un< 
degeneration,  particularly  those  remote  from  the  snppl; 
ment.  In  this  way  the  central  portions  of  a  nodule  bi 
and  a  central  depression  is  seen.     In  cancer  of  the  skin 


growths,  frequent  hemorrhages  and  necroses  occur,  and  consid- 
erable portions  of  the  diseased  mass  break  down  and  are  absorbed. 
The  carcinomata  are  divided  into  certain  groups  according  to 
differences  which  exist  in  the  nature  of  the  cells.  Those  cancers 
consisting  of  pavement  epithelium  constitute  the  variety  to  which 
the  name  epithelioma  was  given.  This  term,  which  was  used 
before  it  was  recognized  that  all  cancers  were  epitheliomatous, 
was  intended  to  represent  a  class  of  cancers  that  were  less  malig- 

»nant  in  their  type.  The  name  is  still  retained,  principally  for  this 
tflon.  <l  Epitheliomata  "  are  situated  upon  the  skin,  but  they  may 
likewise  be  found  upon  the  vagina  and  the  cervix  uteri  and  in  the 
mouth  and  the  oesophagus.  Cylinder-cell  carcinoma  is  composed 
of  cells  such  as  are  found  on  intestinal  mucous  membranes.  This 
form  of  cancer,  which  has  a  strong  resemblance  to  glandular  tissue, 
is  therefore  frequently  called  H  adeno-carcinoma "  or  malignant 
adenoma.  Carcinoma  of  the  breast  is  characterized  by  the  pres- 
ence of  a  more  globular  type  of  epithelium.  It  is,  however, 
chiefly  in  those  cancers  where  the  type  of  epithelium  is  very 
striking  in  its  appearance  that  the  cell-names  are  given,  such  as 
pavement-  and  cylinder-epithelial-cell  carcinomas. 

Cancers  may  be  divided  into  several  groups,  according  to  their 
coarse  appearances,  which  are  due  principally  to  the  relative  amount 

^   of  cells  and  stroma  of  which  they  are  composed.     Thus,  cancers  of 
the  breast,  where  they  contain  a  large  amount  of  epithelial  cells  ar- 
ranged in  a  delicate  alveolar  stroma,  are  necessarily  soft  and  juicy; 
consequently,  they  are  known  as  medullary  cancers.    Those  cancers 
containing  an  abundant  dense  stroma,  in  which  a  few  small  alveoli 
are  found,  have  but  few  cells,  and  they  are  known  as  scirrhous  or 
liard  cancers.     Carcinoma  simplex  is  a  name  given  to  denote  an 
intermediate  stage  of  density,  but  this  term  is  rarely  used.     The 
medullary  forms  are,  as  may  be  supposed,  much  more  malignant 

»tlian  the  scirrhous. 
Colloid  is  a  name  given  to  those  forms  of  cancer  in  which  the 
cells  have  undergone  colloid  degeneration.     This  variety  is  found 
in  various  regions  of  the  body,  and  the  same  type  of  cell  does  not 
always   prevail. 

The   colloid   cancer    should    not   be    considered    as  a   special 
variety,    but   rather    as    a    form   of   degeneration.      The   colloid 

I  material  is  deposited  in  the  cells  at  first  in  small  drops  which  run 
together,   and   eventually  the  whole  cell  is  altered*      The  cells 
break    down   and    many   of   them   disappear,    and    the    alveolus 
becomes  distended.     The  tissue  is  very  transparent^  and,  as  little 


colloid-cyliuder-cell  cancer  growing  from  tne 
braue.  The  development  of  colloid  cancer  is  unusua 
This  peculiarity  is  attributed  to  the  change  in  the  eel 
interferes  with  the  rapidity  of  its  growth. 

When  the  cells  of  a  caucer  are  filled  with  grannies  oi 
there  is  presented  a  variety  known  as  melanotic  caret* 
this  form  is  exceedingly  rare. 

11  Endothelioma  "  is  a  name  given  to  certain  varied 
cinoma  by  pathologists  who  wish  to  distinguish  the 
that  originate  from  endothelium  from  those  forms  whic 
from  epithelium.  The  cells  of  these  tumors  closely 
those  of  epithelial  cancers,  and  it  is  quite  difficult  to  <!i 
between  them.  They  may  often  appear  as  pavement-c 
cylinder-cells.  A  differential  diagnosis  can  only  be  mad 
cases  when  it  is  possible  to  determine  the  exact  point  of 
the  tumor.  They  are  found  in  the  skin,  in  the  meningt 
the  serous  cavities,  where  they  are  often  seen  as  di.v: 
miliary  nodules.  This  distinction  is  one  rather  of  sciet: 
of  practical  interest. 

A  practical  method  of  division  of  cancers  is  one  based 
localities  in  which  they  grow;  therefore  there  will  be 
separately  cancers  of  the  skin,  of  the  breast,  of  the  uter 
mucous  membranes,  etc.  These  groups  correspond  f 
curate! y  to  the  different  types  of  cancer-cells  which  hav 
been  described,  for  the  cells  of  a  cancer  resemble  al 
epithelial  ceils  of  the  region  in  which  they  first  appe* 
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polymorphous  type,  which  is  composed  of  large  pavement-cells 
xiiid  of  small  epithelial  cells.  The  superficial  form,  which  is  a  far 
le-ss  malignant  type  of  cancer,  is  found  on  the  face  principally, 
^riid  is  often  known  as  a  rod  cut  ulcer.  The  deep-seated  form  is 
foiiud  on  the  lip,  the  penis,  the  scrotum,  and  the  back  of  the 
tiand,  and,  although  much  less  malignant  than  other  forms  of 
^micer,  is  more  frequently  followed  by  infection  of  the  lymphatic 
glands  than  the  superficial  variety, 

The  deep-scaled  form  begins  as  a  growth  of  cells  from  the  epi- 
tlielial  layers  of  the  skin,  from  the  interpapillary  space,  and,  ac- 
cording to  some  authorities,  from  the  hair-follicles  and  the  seba- 
ceous glands.  The  first  change  usually  noticed  is  an  enlargement 
of  the  interpapillary  masses  of  epithelium,  which  masses  become 
elongated  and  grow  down  into  the  connective-tissue  spaces  of  the 
culk  They  branch  here  in  various  directions  and  become  con- 
stricted and  distorted,  and  finally  they  are  found  in  the  deeper  tis- 
sues of  the  skin  separated  from  the  epithelial  layers  above.  The 
connective  tissues  in  which  they  are  now  imbedded  form  avascular 
stroma  rich  in  cells.  The  cells  of  these  epithelial  clusters  have 
more  or  less  the  characteristic  peculiarities  of  the  epidermic  cells. 
JK.  careful  study  of  their  shape  shows  that  the  outer  layer  is  com- 
posed of  a  more  or  less  perfectly  formed  epithelium,  resembling  the 
/aver  of    cells  found  in 
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tHe 

a 
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oontact  with  the  papillae 

of  the  skin.     The   cells 

nearer  the  centre  are  of 

tHe  large  pavement  type, 

^«^d    in    consequence    of 

rapid    growth   they 

squeezed     together 

form  concentric  cir- 

-s    of  cells,   which  are 

1 1:  eued  out  and  undergo 

li~iiy  degeneration.     In 

^-^»is   way  are  formed  the 

epithelial    pearls"    or 

c^ll-uests, '  *  as  they  are 

*=a*Ied(Fig.  90).   If  a  fresh 

specimen  of  this  form  of 

-»_  ,^_  -  j     Fig,  90.— Cell- nests  in  Cancer  oflhe  Lip  foe  *,  obi,  D.l. 

cancer  is  cut  open    and  l       J     J      ' 

the  surface  isslightly  squeezed,  th ere  will  be  pressed  out  little  corned o- 
lilce  plugs  which  are  composed  of  these  epithelial  nests. 


of  the  epidermis.  We  have,  then,  a  polyi 
growth.  It  is  not  always  easy  to  see  the  points  from  wh 
these  masses  of  cancer-cells.  Usually  they  spring  froir 
layers  of  the  rete.  Many  of  the  sections  made  show  < 
cells  which  appear  to  be  altered  and  degenerated  ad 
The  transition  changes,  however,  are  not  easy  to  observ 
writer  has  been  unable  to  trace  such  growths  from  the 
-Kinds,  although  most  authorities  agTee  that  these  gland 
the  starting-point  of  the  disease.  It  is  an  interesting 
clinically  there  is  seen  considerable  disturbance  of  the 
glands  in  many  cases  of  carcinoma  cutis. 

The  superficial  form  of  cancer  of  the  sHu  is,  as  bef 
much  less  malignant,  and  there  is  found  here  a  ver 
of  cell-growth.     The  cell-masses  in  most  -ppea 

down    from    the  deep  layers  of  the   rete   into   the   cut: 
columnar  masses  which  anastomose  freely  with  one  anot 
epithelium  is  small  and  delicate,  and  it  reminds  one  s 
that  seen  in  the  rete  mucosum  near  the  borders  ot  I 
the  sheath  of  the  hair-follicle.     These  columns  oi 
ally  swell  into  large  and  irregular  shapes,  and  then 
tain  points  in  such  clusters  ■  larger  epithelium  around  w 
is  a  concentric  arrangement  of  cells;  but  these  epidermi 
extremely  rare.     In  many  cases  the  amount  of  epithelii: 
small    for    cancer,    and   the  stroma,   which    is    com 
fibrous  tissue,  seems  to  make  up  the  greater  part  of  th 
lu  such  cases  there  is  presented  a  delicati 
columnar  masses  of  cells,  such  as  is  drecrihed  hv  the  Frrti 


tfoe   name   scirrhus   cutis    has   sometimes  been  applied  to  this 
c0„dition. 

From  what  has  been  written  it  is  evident  that  the  cancer-cells 
spring  fr°m   pre-existing  epithelium:    this  is  a  fact  which  long 


91.— Tubular  Epithelioma,  from  a  case  of  Rodent  Ulcer  (oc.  6,  obj.  aa.). 

since  has  fully  been  settled.  It  is  learned  also  that  as  cancer  grows 
!ts  epithelial  cells  appropriate  everything  that  comes  in  their  path, 
and  that  bone,  muscle,  and  nerve  all  seem  to  melt  away  before  the 
active  cell-growth.  In  some  of  the  writer's  early  investigations  it 
seemed,  when  one  studied  carefully  the  outer  edge  of  a  cancerous 
growth,  that  the  spaces  first  filled  with  cells  did  not  always  contain 
epi  thelial  cells,  and  that  the  clusters  of  round  cells  as  one  approached 
n^a.rer  the  centre  of  the  disease  gradually  became  epithelial.  ,  This 
suggested  that  the  round  cells  in  some  way  had  to  do  with  the 
^velopment  of  the  cancer-cells.  French  writers  speak  of  the 
action  of  the  epithelium  on  the  round  cells  as  an  "action  de  pre- 
s*ice,"  the  young  cells  becoming  in  this  way  impregnated  and 
endowed  with  epithelial  properties.  However  these  appearances 
niay  be  interpreted,  the  fact  remains  that  in  rapidly-growing  carci- 
noma   the    round  oeJJ  in  filtration   of   the    surrouwdm^  \jvsswt  \& 
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abundant  and  the  cancer-cells  present  an  appearauce  less  typical 
epithelium.  This  view  is  held  also  by  Rindfleisch.  Gussenbai 
maintains  that  not  only  the  endothelium  of  the  capillaries,  bn: 
the  muscular  fibres  from  the  media,  form  embryonic  cells  wh^ 
develop  into  caucer-cells.  Weil  has  also  observed  similar  chau-^— 
in  striped  muscular  fibre  (V.  Ziemsscn). 

Carcinoma  of  the  skin  occurs  most  frequently  between  the  at^. 
of  fifty-five  and  sixty.     In  948  cases  collected  by  V.  Ziemssen, 
were  men  and  209  were  women. 

The  superficial  form  of  cancer  is  almost  invariably  found  on  t^ 
face,  and  it  has  frequently  been  called  lt  rodent  ulcer."  This  ter-*n 
was  used  before  the  pathology  of  the  disease  had  been  recognize?*! 
and  it  describes  one  of  its  most  striking  clinical  peculiarities. 
Cancer  of  the  face — and  it  might  also  be  said  cancer  of  the  afc  in 
in  general — is  apt  to  be  accompanied  by  a  peculiar  condition  csf 
the  epidermal  structures  known  as  keraia 

This  affection  is  characterized  by  the  formation  on  the  faeeaxrd 
the  back  of  the  hands  of  scabs  or  crusts,  which  exist  for  a  Ion? 
time  before  any  malignant  disease  manifests  itself.      At  first  dis- 
appear as  scales,  slightly  elevated  above  the  skin  surface  and 
somewhat  darker  color  than  the  surrounding  skin.     Ti 
the  spots  is  sometimes  shining  and  smooth,  and  is  sometr 
and  covered  with  minute  lightly-adherent  scales.     The  ■; 
without  sensation  and  attract  little  attention  at  first.     Gradu. 
they  become  more  noticeable  by  increase  in  elevation  and  irnii 
of  color,  but  their  development  is  very  slow,  and  years  may  pas 
before    they    attain    sufficient    growth    to    become    troublesome. 
Eventually  they  present  elevations,  one-eighth  of  an  inch  lb 
the  general   surface,   consisting  of   dry,   horn-like   scales,  wl 
vary   in    color    from    the   faintest   yellow   to   the    deepest  bi. 
and   which   may   be   removed   with   little   violence   by  the  nail, 
leaving  exposed  a  superficial  excoriation,  either  smooth  or  exhib- 
iting minute  conical  elevations  that  are  enlarged  sebaceous  gl. 
(White). 

Microscopically,  there  is  seen  a  great  thickening  of  the  upper 
horny  layer  of  the  skin,  which  thickening  is  continm 
into  the  ducts  of  the  sebaceous  glands,  distending  them 
ing  prominent  protrusions.     The  sebaceous  gland  is  not  change! 
but   it  is  much  distended   by  retained   secretions  which  become 
mingled  with  the  epidermic  crusts.     There  is  more  or  less  cell- 
infiltration  in  the  surrounding  eorium.      The  appearance  of 
complexion  is  oftetv  c\tat&cte£ts&&.    tW«.  \&  a  oeculiar  wax-like 


isparency  of  the  temples  and  the  upper  part  of  the  cheeks,  and 
t  beneath  the  surface  of  the  skin  can  be  seen  the  yellow  sebace- 

glands.  The  true  skin  is  thin  and  is  in  a  state  of  senile 
>phy.  At  some  one  spot  a  crust  has  gradually  become  more 
nincnt  than  elsewhere:  this  may  be  upon  the  side  of  the  nose 
-e  over  the  malar  bone  or  on  the  temple.  On  picking  off  this 
t  it  is  now  seen  that  there  is  beneath  it  a  papule  with  a  moist 

somewhat  ulcerated  surface.  On  excising  this  papule  it  will 
ound  that  a  downward  growth  of  epithelium  has  taken  place 

that  the  development  of  the  cancer  has  already  begun. 
tichaTdt  interprets  the  series  of  changes  just  described  as  the 
ptoms  of  a  chronic  inflammatory  process  which  is,  he  thinks, 
ily  favorable  to  the  development  of  cancer.  He  failed,  how- 
,  to  find  that  the  sebaceous  glands  were  in  any  case  the  point 
rig-in  of  the  malignant  growth. 

The  superficial  carcinoma  begins  usually  after  middle  life,  is 
emely  slow  in  its  progress,  and,  inasmuch  as  it  does  not  cause 
i,  and  sometimes  not  even  itching,  it  is  neglected  for  many 
•s,  and  it  is  therefore  often  not  seen  by  the  surgeon  until  it 
assumed  large  dimensions.  When  observed  in  the  early  stage 
evelopment  it  is  found  that  the  new  formation  has  broken  down 
he  centre  and  an  nicer  has  formed.     The  ulceration  is  not  deep, 

the  surface  is  quite  flat  and  is  surrounded  by  a  pearl-colored 
.  The  shape  often  closely  resembles  that  of  a  horn  waistcoat- 
ton.  Around  the  edge  of  the  ulcer  the  skin  appears  in  a  health) 
iition.  The  absence  of  inflammation  in  the  diseased  part  is 
racteristic  of  cancer.  There  is  no  red  and  infiltrated  skin,  as 
sen  around  tubercular  or  syphilitic  ulcers.     The  pearl  color  of 

rim  is  due  to  the  presence  of  the  epithelial  cells,  and  it  is 
-acteristic  of  this  form  of  cancer.  When  there  is  extensive 
king  down  of  tissues  and  inflammatory  complications  the  pres- 
!  here  and  there  of  fragments  of  this  pearly  rim,  perhaps  made 
)le  by  the  use  of  a  hand  lens,  will  enable  the  surgeon  to  recog- 

the  disease  under  its  disguise. 

ls  the  growth  slowly  advances  its  ulcerating  character  becomes 
?  apparent:  it  may  take  years  to  double  in  size.     Sometimes 

portion  of  the  rim  will  suddenly  begin  to  grow  out  of  all 
►onion  to  the  other  parts,  and  the  ulcer  is  replaced  or  is 
ked,  as  it  were,  by  a  tumor.  Usually,  however,  it  continues 
pread  slowly,  but  is  still  as  superficial  as  ever,  and  if  the 
ent  lives  long  enough  it  may  cover  large  surfaces,  involving  the 
\  the  eyelids,  the  eve,  and  even  the  whole  side  of  t\v^  tass,    ^^ 


6.S4 


SURGICAL  PATHOLOGY  AND    THERAPEUTICS 


>AL 


Fio.  92. — Noli-Me-Tangere. 


this  formidable  condition  the  term  no&ms-tangi  nt  has  appropriate! 
been  applied  (Fig.  92).     In  the  case  of  the  patient  whose  portra 

here  given  (Fig.  92)  the^ 
was  no  enlargement  of  t^ 
lymphatic     glands,        T^> 
same  absence  of  gland u    j 
involvement  was  observe- 
recently    in   another   i**^ 
vidual,  in  whom  there   ^v 
extensive  ulceration.     f*L 
disease    had     in    this    C4se 
originated  in    the  scar  0f 
a  gunshot  wound  rt 
during  the  Civil  War.  and 
had  destroyed  the  side  of 
the  nose,  the  eye,  the  ear, 
and   the  cheek,  including 
the  corresponding  half  of 
the  upper  and  lower  lips 

The     slight    ma 
of  these    ulcerating 
of   cancer    has    been  ex- 
plained by   the  feeble   reproductive   power  of   the  small  epithe- 
lial  cells,    but  it  is  more  probable  that   there   are  other 
to  be  considered,  such  as  the  anatomical  seat  of  the  disease  and, 
possibly,    the   nature  of   the    parasite — if   there    be   one—  wliich 
caused  it. 

Carcinoma  of  the  face  does  not  always  ulcerate.  Oc< 
and  not  infrequently,  the  growth  of  epidermal  cells  is  abundant 
and  there  is  also  an  active  development  of  the  stroma,  SO  that 
there  arises  a  nodular  or  papillary  form  of  growth.  These  tumors 
may  sometimes  attain  considerable  size,  reaching  the  dimensions 
of  an  English  walnut.  Such  growths,  which  have  been  described 
by  Hutchinson  as  a  fungating  form  of  rodent  cancer,  are  fo 
the  temple  or  near  one  of  the  lids.  When  such  exuberant  growths 
break  down  prematurely,  there  is  formed  a  deep  ulcer  with  raised 
edges,  and  this  appearance  Hutchinson  named  "craterifonn" 
ulcer.  Such  growths,  though  formidable  in  appearance,  are  not 
liable  to  recurrence  if  they  are  so  situated  that  they  can  radically 
be  excised.  One  of  the  most  important  strategic  points  of  cancer 
of  the  face  is  the  region  over  the  nasal  process  of  the  superior 
maxilla.     A  carcinoma  ou^i&aMvfc^  \^x*  ot  -^dually  working  it* 
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jmay  toward  the  inner  margin  of  the  orbit  may  suddenly  involve 
Z  lie  lymphatic  vessels  leading  to  the  base  of  the  skull.  When 
3»nce  the  margin  of  the  orbit  has  been  passed  the  disease  may  be 
-regarded  as  incurable. 

There  is  a  period  in  the  life-history  of  this  disease  when  the 
benign  type  may  suddenly  be  changed  to  a  malignant  type,  and  a 
superficial  cancer  will  then  be  transformed  into  the  deep-seated 
variety.  Irritating  modes  of  treatment  often  rouse  a  sleeping  can- 
cer to  frightful  activity. 

The  deep-seated  or  polymorphous-cell  cancer  has  its  type  in 
*rani\r  of  the  lip.       Here   also    the   disease   has  been  ascribed   to 
chronic  irritation,  in  this  case  the  irritant  being  the  constant  use 
>f  tobacco. 
Mason  Warren  reports  77  cases  of  cancer  of  the  lower  lip.     It 
ascertained  that  all  but  7  were  in  the  habit  of  smoking.     In 
many  cases  the  fact  of  a  habit  of  smoking  could  not  be  ascer- 
tained, but  the  interesting  feature  of  this  series  was  the  fact  that 
4  were  women,  3  of  whom  were  in  the  habit  of  using  a  pipe.     The 
riter  remembers  having  seen  but  one  case  of  cancer  of  the  lip 
n  a  woman,  and  she  was  in  the  habit  of  smoking.     In  this  case 
he  cancer  was  in  the  upper  lip.     So  many  smoke,  however,  who 
do  not  have  cancer  that  it  must  remain  doubtful  whether  such 
a  cause  predisposes  to  cancer. 

According  to  Mason  Warren,  the  disease  is  seen  oftener  011  the 
eft  side  of  the  lip  than  on  the  right  ;  it  may  occur  on  the  median 
ine.  Like  other  forms  of  carcinoma  of  the  skin,  it  appears  after 
middle  life,  and  is  commoner  between  the  ages  of  sixty  and  seventy 
than  at  any  other  period  ;  occasional]}'  it  is  seen  between  the  ages 
of  thirty  and  forty,  and  in  the  latter  case  the  disease  is  much 
more  active.  The  point  at  which  the  disease  begins  is  the  junc- 
tion of  the  mucous  membrane  with  the  skin,  and  it  appears  either 
as  a  small  papule  or  as  a  flat  crust  which  falls  off  only  to  re-form. 
t  soon  assumes  the  appearance  of  a  superficial  infiltration  of  the 
vermilion  border  of  the  lip,  and  it  has  a  well-marked,  though 
shallow,  circular  outline.  When  examined  under  the  microscope 
at  this  period  the  disease  is  found  to  consist  in  a  thickening  of  the 
epidermal  border  of  the  lip.  The  outer  papillae  are  thickened 
and  elongated,  and  as  the  centre  of  the  disease  is  approached  the 
downward  growth  of  the  epithelial  cells  is  well  marked.  The 
however,  is  still  very  superficial.  The  large  epithelial 
ills  are  seen  here,  and  the  number  of  epithelial  pearls  is  very 
:at-     When  allowed  to  pursue  its  course  the  disease  may  involve 


a  greater  portion  of  the  lip,  and  even  attack  the  bone.     The  cei 
tral  portion  is  then  ulcerated,  and  the  ulcer  is  surrounded  by  thic* 
and  overhanging  edges.      The  next  point  of  attack  is  the  sub- 
maxillary gland  of  the  side  on  which  the  disease  lies.     This  t 
can  be  felt  readily  by  standing  behind   the  sitting  patient  a*^. 
pressing  the  tips  of  the  fingers  against  the  inner  margin  of  ■ 
jaw-bone.     A  small  bullet-like  nodule  rolls  between  the  bone  ^w 
the  finger.       In   the  later  stages  of  the  disease  the  glands  of 
neck  become  enormously  enlarged,  and  the  patient  dies  slowly  Ww 
symptoms  of  marked  cachexia.     Metastatic  nodules  may  be  fc^., 
in  the  internal  organs,  but  they  are  not  common. 

The  prognosis  of  the  disease  is  favorable  if  an  operation  is  .. 
formed  while  the  growth  is  superficial  ;  this  is  not  always  the  < 
The  writer  remembers  a  physician  who  applied  for  operation  a  bow 
three  months  after  the  first  appearance  of  the  disease*  There  u-a$ 
no  return  in  the  lip,  but  a  gland  under  the  jaw  began  to  enlarge 
six  months  later,  and  the  patient  succumbed  eighteen  niunths 
after  the  first  appearance  of  the  disease. 

The  question  of  operation  upon  infected  submaxillary  glands 
is  one  about  which   there  is  much  difference  of  opinion.     When 
small  and  movable  the  glands  should  undoubtedly  be  extirpated 
by  a  very  free  and  extensive  dissection  of  the  region  in  which  they 
lie.     Under  these  circumstances  the  prospect  of  a  final  cure  may 
be  looked  forward  to  with  some  hope  of  success :  it  is,  ho- 
a  grave   complication   of  the   disease.      After  operation  pal 
frequently  return  in  a  few  mouths  very  much  alarmed  about  an 
induration  of  the  cicatrix.     Such  cicatrices  are  not  infrec, 
excised,  and  it  is  then  found  that  there  is  nothing  but  cicatricial 
tissue.      If  let  alone  the  induration  will  eventually  disappi 

Cancer  on  the  back  of  the  hand  is  of  the  same  type  as  cancer  of 
the  lip.  It  is  associated  usually  with  marked  keratosis  senilis. 
Although  polymorphous,  the  cancer  grows  slowly  at  first,  and  a 
papule  covered  by  a  crust  may  exist  for  years  before  the  patient 
seeks  relief.  Such  growths  are  not  infrequently  multiple.  Tk 
danger  is  that  the  glands  at  the  elbow  may  suddenly  !■ 
involved.  In  one  patient  who  suffered  from  this  affection  the 
writer  removed  four  or  five  such  growths,  not  only  from  the  I 
but  also  from  the  face.  Axillary  involvement  eventually  look 
place,  and  after  seven  or  eight  years'  duration  the  disease  finallv 
terminated  life  by  metastatic  deposits  in  the  liver.  The  writer  has 
also  seen  cancer  originate  upon  the  palmar  surface  of  the  hand  in 
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of  palmar  psoriasis.  This  case  likewise  terminated  fatally, 
thstanding  amputation  at  the  wrist. 

ncer  of  the  penis  occurs  in  about  1  per  cent,  of  all  cases  of 
r.  It  is  seen  most  frequently  between  the  ages  of  forty  and 
ty  years.  It  may  occur  on  the  preputial  fold,  but  it  is  oftener 
cm  the  glans.  It  can  be  distinguished  without  difficulty 
rhancre  or  a  syphilitic  condyloma  by  the  history  of  the  case, 
--.  growth  is  very  slow.  It  is  said  to  appear  at  first  as  a  small 
e  or  a  wart  on  the  frenuin,  which  vesicle  increases  in  size  and 
)ps  into  a  papillary  growth.  As  it  enlarges  the  centre  breaks 
and  leaves  an  ulcerated  surface.  It  may  remain  localized  for 
j  time,  the  tunica  albuginea  appearing  to  offer  considerable 
ince  to  the  growth,  but  eventually  it  attacks  the  body  of  the 

and  infiltrates  the  lymphatic  vessels  and  the  glands  in  the 

The  glandular  infection  is  said  by  Kaufmann  to  be  more 

;nt  than  is  generally  supposed.     In  48  cases,  40  were  fouud  to 

this  complication.  The  glands  in  the  groin  are  the  first 
;ed,  and  usually  those  near  the  point  of  junction  of  the 
nous  and  femoral  veins.  Occasionally  the  glands  in  both 
5  are  affected.  Phimosis,  accompanied  with  more  or  less 
itis,  is  seen  frequently  in  this  disease.  Demarquay  found  in 
ses,  42  in  which  there  was  phimosis.  The  writer  remembers 
•uch  cases  which  were  cured  by  operation.  Metastases  are 
tonally  found  in  the  internal  organs.  The  disease  runs  its 
2  if  untreated  in  from  one  to  two  years.  Kaufmann  found  the 
ge  duration  of  life  in  38  cases  to  be  twenty-two  months.  If 
isease  comes  into  the  surgeon's  hands  early,  the  prognosis  is 
able  for  minor  operations. 

\rrinoma  of  the  labia  is  of  the  same  type  as  that  of  the 
It  appears  usually  on  the  inner  surface  of  the  labia  majora, 
t  is  first  seen  as  a  circular  ulcer.  It  might  be  mistaken  for  a 
litic  lesion,  were  it  not  that  there  is  an  absence  of  inflamma- 
:hange  and  a  history  of  slow  growth.  If  allowed  to  follow  its 
e,  it  may  extend  around  the  ostium  vaginae  and  destroy  the 
is.  The  mons  veneris  may  be  undermined  by  an  extensive 
ation,  and  the  vulva  is  then  converted  into  one  large  foul, 
iting  surface.  The  glandular  involvement  comes  late.  The 
*  is  more  malignant  than  cancer  of  the  lip.  It  generally  runs 
nrse,  if  untreated,  in  about  two  years.     Butliti,  in  an  analysis 

cases  operated  upon,  places  the  percentage  of  cures — that  is, 
>se  who  have  passed  the  three-year  limit — at  16.  If  the  dis- 
is  operated   upon  before  glandular   enlargement  occui^  \.W 
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chance  of  a  radical  cure  is  good.     Owing  to  delay  while 
specific  or  local  treatment  this  golden  moment  is  often  lost. 

Cancer  of  the  scrotum  is  also  of  the  large*  or  polymorphous-^, 
type.      It  appears  to  be  a  disease  almost  exclusively  conniv 
English   chimney-sweeps;   hence   it   has   been    called    "chinu^ 


sweep's  cancer."     It  was  supposed  to  have  disappeared  since 


n 


law  has  been  enforced  forbidding  sweeps  to  asceud  flues;  ButK* 
investigations,  however,  show  that  this  is  not  the  case.     In  th^,  c * 
Bartholomew  Hospital  in  the  course  of  twenty  years  39  | 
were  treated  for  cancer  of  the  scrotum.     In  the  Middlesex  Ho&pfr,< 
fi'tm  1S67  to  1882  there  were  20  cases  of  cancer  of  the  St 
under  treatment.      At  the  St.  George  Hospital  9  cases  were 
from  1869  to  1878.     The  statistics  of  the  Registrar  Gestett 
that  during  a  period  of  three  years  there  were  23  deaths  fro 
cer  of  the  scrotum,  penis,  testis,  or  groin. 

A  careful  investigation  by  Butlin  of  the  various  hoi 
Europe  shows  that  the  chimney-sweeps  in  Continental  Europe  do 
not  suffer  from  this  form  of  cancer:  this  immunity  he  attributes  to 
the-  protective  costume  worn  by  them  and  to  their  personal 
ness.     In  England,  although   chimney-climbing  has   been  ako» 
cloned,   no   efforts  were  made   to  protect   the  body  from  tk 
which  falls  in  greater  or  lesser  quantity  upon  the  sweep.    Iu 
United  States  the  disease  is  extremely  rare.      At   the   B 
Hospital  from  1S81  to  1889  there  occurred  but  1  case  of  cancer  of 
the  scrotum.     The  writer  remembers  having  seen  but  1 
Massachusetts  General  Hospital,  and  that  was  thirty  years; 

The  disease  begins  as  a  wart.     Many  such  warts  form  on  ilic 
scrotum  and  are  known   as  "soot-warts."     They  may  ex:-- 
years,  and  some  sweeps  are  covered  with  such  warts  upon  the  scro- 
tum without  suffering  from  cancer.     In  the  course  of  time,  owing 
probably  to  some  special  irritation,  one  of  the  warts  slowly  gro 
larger,  becomes  more  prominent,  and   at  the  same  time  1>it 
deeply  fixed,  and  its  centre  ulcerates.     The  cancer  spreads  slowh 
along  the  scrotum,   being  confined   to   the  skin.      Occ 
penetrates  more  deeply  until  it  reaches  the  tunica  vag 
even  the  testicle,  which  may  be  laid  bare  and  in  time  be 
Before  the  days  of  anaesthesia  the  disease  was  said  often  to  destr 
everything  from  the  anus  to  the  pubes,  leaving  a  foul  sore  against 
which  no  treatment  availed. 

Secondary  infection  of  the  glands  of  the  groin  may  occur  late  ii 
the  disease.      Metastatic  deposits  in  the  internal  organs  are 
reported,  probably  because,  autoosies  are  rare  (Butlin). 
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Tar  and  Paraffin  Cancer  of  the  Scrotum. — This  disease  was 
escribed  almost  simultaneously  by  Volkinann  in  Halle  and  Bell 
u  Edinburgh.  Ogston  in  1871  had  written  on  the  local  effects  of 
rude  paraffin.  This  disease  occurs  among  the  operatives  in  coal- 
ar  and  paraffin  factories,  who  are  obliged  to  be  in  contact  with  the 
rod  nets  of  the  manufacture  in  a  more  or  less  liquid  state.  These 
roducts  induce  great  irritation  of  the  surfaces  exposed,  such  as 
tie  skin  of  the  forearms.  The  skin  of  the  body  is  described  as 
ry  and  parchment-like,  somewhat  resembling  the  irritation  pro- 
uced  by  carbolic  acid.  The  ducts  of  the  sebaceous  glands  are 
ilated,  and  in  the  ducts  are  seen  dark,  comedo-like  plugs,  and 
cne-pustules  abound.  There  is  considerable  thickening  of  the 
pidermic  layer,  which  is  raised  into  little  prominences  on  the 
xtremities  as  well  as  on  the  scrotum.  Sometimes  there  is  a 
lore  distinctly  scaly  condition.  In  new  operatives  there  is  con- 
iderable  infiltration  of  the  skin  at  some  points,  and  the  part  is 
id  and  shining  and  is  tender  to  pressure.  In  old  cases,  after  the 
rst  acute  irritation  subsides,  the  epidermic  thickening  increases 
radually.  Warty  growths  appear,  and  finally  at  one  spot  car- 
:110:11a  develops.  The  series  of  changes  is  not  unlike  that  seen 
1  cancer  of  the  lip. 

A  histological  study  of  the  irritated  skin  shows  a  growth  of  the 
>wer  layers  of  the  epidermis  and  of  the  rete  mucosum.  The 
air-follicles  are  frequently  distended  with  masses  of  epidermic 
ells,  and  in  the  deep  layers  of  the  rete  are  found  spots  of  brown 
igrnent.  Near  the  carcinomatous  nodules  the  dividing-line  be- 
tween epidermis  and  the  cutis  becomes  very  irregular,  and  the 
tterpapillary  masses  of  cells  are  enlarged  and  irregular  in  shape. 
*be  skin  shows  also  a  small  cell-infiltration.  When  the  zone  of 
tie  cancer  is  reached  there  are  found  enormous  numbers  of  epider- 
lic  balls  and  a  polymorphous-cell  growth  into  the  deep  layers  of 
tie  cutis.  It  is  evident  that  we  have  to  do  here  with  a  chronic 
rritation  of  the  skin  affecting  its  epithelial  structures  for  a  long 
ime,  producing  at  first  hypertrophy  of  some  of  these  structures, 
ml  finally  a  tendency   to  indefinite  growth,   as  in  cancer. 

In  the  deep  rugae  of  the  scrotum  the  soot-  or  tar-products 
emaiu  untouched  for  long  periods  of  time,  and  it  is  here  that 
he  disease  most  frequently  shows  itself.  It  is  possible,  as  Butlin 
uggests,  that  certain  areas  possess  physiological  and  chemical 
Toperties,  which  differ  from  those  of  other  areas  of  the  integu- 
nent  as  decidedly  as  they  do  in  their  coarse  appearance.  It 
been  suggested  by  Butlin  that  the  crude  paraffin,  the  brown 
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coal-tar,  and  the  stone-coal  soot  have  specifically  irritating  qualtti 
which  favor  the  development  of  cancer.     It  has  also  been  suggesti 
that  tobacco-smoke  and  tobacco-juice  bear  the  same  relation  I 
cancer  of  the  lip  that  these  substances  do  to  cancer  of  the  scrotum 

Xeroderma  pigmentosum  is  a  skin  disease  in  which  cancer  ir 
a  frequent  complication  which  appears  in  early  life. 

Cancer  in  Cicatrices. — Cancer  has  been   associated  Witt 
by  writers  ever  since  Alibert  described  keloid,  which  he  confoundc*  j 
with  cancer.     Cancer  appears  long  after  the  scar  is  originally  a«^ 
quired,  and  it  is  seen  most  frequently  in  individuals  from  forty-fi^ 
to  fifty  years  of  age.     Males  are  said  to  be  more  frequently  afflict*-, 
than  females.     Cancer  seems  to  develop  preferably  in  those  sc*- 
which  have  been  subjected  to  long  periods  of  irritation.    Cancers  t 
found,  therefore,  in  cicatrices  of  the  limbs  that  hamper  rnovem 
consequently  they  are  subjected  to  undue  tension,  or  they  are  foi 
in  the  scars  of  ulcers  or  of  old  wounds  or  of  fistulse.      Ulcers  f<^^ 
and  heal  in  the  cicatrices  many  times  before  cancer  develops, 
greater  part  of  a  lifetime  may  pass  in  this  condition,  and   fi 
the  disease  breaks  out.     Reid  reports  a  case  in  which  the  di 
appeared  sixty-one  years  after  the  original  injury. 

The  scars  of  ulcers  on  the  lower  extremity  often  exhibit 
peculiarity.     The  disease  in  these  cases  is  usually  of  a  mild  -^ 
There  may  be  present  the  polymorphous-  as  well  as  the  small.^. 

m  of  cancer,  but  the  growth  of  the  cancer  is  almost  al 
exceedingly  slow,  and  there  is  a  history  not  unlike  that  of  do 
ulcer.  These  cases  may,  however,  take  on  a  more  maligna^ 
action  at  any  time.  In  such  cases  there  is  likely  to  be  iV. 
involvement  of  the  inguinal  glands.  In  128  cases  reported 
Rudolf  Volkmann  of  cancer  developing  in  scars  of  the  extrem- 
ities only  12  cases  were  known  to  have  died  of  cancer. 

In  a  case  recently  operated  upon  the  writer  found  a  large  ulcer, 
with  a  peculiar  fur-like  surface,  that  had  evidently  developed  1 
the  scar  of  an  old  varicose  ulcer.  It  had  already  involved  the 
shaft  of  the  tibia,  but,  as  it  had  existed  for  many  3  e 
caused  no  pain,  it  was  only  with  the  greatest  difficulty  that  the 
patient  was  persuaded  to  allow  amputation  of  the  limb.  It  proved 
to  be  a  large-cell  epithelial  growth.  The  writer  has  already  re- 
ferred to  a  most  formidable  case  of  rodent  ulcer  of  the  face  that 
developed  from  a  scar. 

The  treatment  of  cancer  of  the  skin,  as  indeed  of  cancer  in  gen* 
eral,  may  be  stated  to  consist  in  the  removal  not  only  of  all  apju- 
rent  disease,  but  also  in  the  excision  of  as  broad  a  margin  as  pos- 
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healthy  tissue.  In  the  case  of  cancer  of  the  skin  this 
it  can  be  carried  out  more  effectually  than  in  any  other 
of  the  body,  and,  inasmuch  as  glandular  infection  comes 
the  disease,  operation  is  more  frequently  followed  by  cure 
han  in  any  other  region, 

nt  ulcer  is  perhaps  the  mildest  type  of  cancer  known,  and 
rliest  stages  it  can  be  scraped  away,  the  base  of  the  wound 
)red  with  a  caustic  or  touched  lightly  with  the  fine  point 
nielin  cautery.  If  the  papule  or  ulcer  is  situated  where 
»  excised,  this  operation  should  be  performed,  as  the  wound 
eedily  and  leaves  an  almost  imperceptible  scar;  and  one 
rain  one's  self  to  take  as  much  tissue  as  possible  in  order 
cure  may  be  permanent.  This  is  one  of  the  hardest 
:>r  the  surgeon  to  acquire,  as  economy  of  tissue  appears 
gent  upon  exposed  places.      Occasionally  a   small  nodule 

upon  the  side  of  the  nose,  if  not  radically  removed,  will 

grow  with  frightful  rapidity.  Cancer  of  the  face  can  per- 
y  be  cured,  even  though  it  has  returned  several  times  after 
ti  and  has  involved  cartilage  and  bone.     The  writer  recalls 

of  a  gentleman  who  allowed  a  cancer  to  grow  on  the  left 
lie  nose  until  it  involved  the  skin  of  that  side  and  a  portion 
;in  of  the  right  side.  The  disease  returned  three  times  after 
i  scraping  and  burning  with  the  actual  cautery.  Finally, 
half  of  the  nose  and  the  ascending  process  of  the  superior 

were  excised,  and  the  cavity  thus  left  was  covered  by  a 
n  from  the  forehead.  The  disease  never  returned  after  this 
i.  Beyond  the  use  of  the  Paquelin  cautery  for  exceed- 
all  growths,  the  writer  has  abandoned  the  use  of  caustics 
eatnient  of  this  affection,  as  the  results  of  incomplete  re- 
re  occasionally  most  serious. 

t  of  the  lip  should  be  excised  by  a  V-shaped  incision, 
g  at  least  one-quarter  of  an  inch  of  healthy  tissue  on  each 
here  is  no  danger  of  taking  away  too  much,  as  the  lip  is 
id  its  suppleness  is  entirely  restored  even  when  very  large 

have  been  removed.  Careful  examination  should  always 
to  detect  infected  glands,  and  the  patient  should  be  warned 

for  the  appearance  of  any  lump  under  the  jaw.  A  very 
:ction  of  the  upper  cervical  triangle  may  even  then  give 
aat  a  chance  for  his  life. 

t  of  the  penis,  when  operated  upon  early,  is  curable.  The 
liould  be  scraped  away,  and  the  base  of  the  growth  should 
H"  as  one  would  pare  a  corn  until  healthy  cavernous,  lis- 
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sue  is  seen.      In  more  advanced  stages  amputation  should  be  pc^^^ 
formed,  and  the  groin  should  carefully  be  searched  for  enlarg 
glands.      Winiwarter  reports  12  amputations,  of  which  5  remairw"^^ 
permanently  well;  1  died  of  the  operation;  6  had  recurrences. 
which  were  in  the  stump  and  3  in  the  glands.     If  the  glands 
removed  early,  there  is  still  hope  of  cure,  as  the  progress  of     - 
disease  is  slow.     The  bad  reputation  of  this  form  of  cancer  is    t      te 
doubtedly  due  to  many  incomplete  operations;  the  same  may      r* 
said  of  cancer  of  the  vulva.     Time  is  frequently  lost  iu  deterjjj  • 
ing  the  diagnosis  and  in  using  specific  remedies. 

The  writer  succeeded  in  prolonging  life  for  several  yeans    i^ 
yearly  operations  on  a  case  of  advanced  cancer  of  the  1 
that  at   the   present   time   there   is   no  vulva.     The  ^^ 

ostium  vaginae,  much  narrowed,  now  open  in  the  centre  of  acio- 
trix.     A  few  months  ago  the  patient  was  seen  in  good  condition  . 

The  treatment  of  cancer  of  the  scrotum  is  attended  with  good 
results  if  taken  in   the  early  stages.     The  rule  of  free   1 
holds  good  here. 

In  cancer  of  cicatrices  the  disease  is  generally  found  in    the 
centre  of  a  large  scar.      If  this  scar  is  situated  on  an  extremity. 
there  is  an  excellent  chance  of  saving  the  patient  by  an  .imptxta- 
tion,  as  the  glands  in  the  groin  are  usually  not  infected,  althoi 
they  may  be  enlarged  by  inflammatory  infiltration.     If  the  sea  - 
situated  on  the  face  or  the  trunk,   the  best  that  can   be  dooer   is 
probably  a  thorough   curetting   followed  by  the   actual   CM 
In  some  cases  it  would  be  possible  to  excise  the  ulcer,  the  wound 
thus  made  being  covered  by  Thiersch  grafts. 

The  tendency  at  the  present  time  of  following  up  the  operate 
treatment  of  cancer  by  a  subsequent  course  of  Internal  medtefl 
should  be  encouraged.     In  the  case  of  cancer  of  the  skin  the  b 
mide  of  arsenic  or  Fowler's  solution  may  be  tried  in  doses  of  =sor 
3  drops  three  times  a  day  for  months  after  the  operation.     Pati^^Jte 
should  be  asked  to  report  every  three  months  during  the  follow 
year  for  inspection. 

2.  Carcinoma  of  the  Breast 
The  breast  is  one  of  the  most  frequent  seats  of  can 
series  of  7881  cases  of  cancer  collected  by  Andrews  the  di    cair 
appeared  in  the  breast  1232  times.     This  region  comes  third  a  pan 
the  list,   following  that  of  the  uterus  and  the  stomach.     In     the 
great  majority  of  cases  it  occurs  in  the  female  breast,  and  in  the 
male  breast  the  disease  is  extremely  rare,  being  seen  in  about  1  per 


L  of  the  cases.  In  a  collection  of  1 10  cases  of  cancer  of  the  breast 
le  by  Dietrich  3  occurred  in  males.  The  number  of  deaths  from 
cer  of  the  breast  reported  in  the  United  States  in  1880  was  1387. 
The  period  of  life  in  which  the  disease  is  oftenest  found  is  that 
uediately  preceding  the  menopause.  In  an  analysis  of  1622 
?s  Gross  found  that  the  average  age  was  48,66  years.  It  may 
said  that  from  forty  to  fifty  is  the  commonest  decade  in  which 
disease  is  likely  to  occur;  it  is  next  most  frequently  found  in 
nen  between  fifty  and  sixty  years  of  age;  the  period  from  thirty 
orty  years  comes  next,  and  that  ranging  from  sixty  to  seventy 
iiws.  There  is  but  one  case  reported  at  the  age  of  twenty-one, 
Bryant  states  that  he  has  seen  cancer  of  the  breast  at  an  earlier 
The  writer  had  one  patient  in  whom  the  disease  was  first 
iced  when  she  was  twenty-two  years  and  three  months  old.  It 
i  a  well-marked  case  of  cancer,  as  shown  by  microscopic  ex- 
ination,  and  it  recurred,  after  operation,  the  following  year. 
hough  the  disease  appears  during  the  period  of  the  functional 
ft tir  of  the  organ,  it  is  said  that  80  per  cent,  of  the  cases  are 
nd  among  married  women,  and  according  to  Bryant  it  appears 
occur  among  women  who  are  prolific  to  an  extreme  degree. 
The  question  of  heredity  having  already  been  discussed,  it 
lains  merely  to  add  here  that  of  11 64  cases  analyzed  by  Gross, 
Duly  55,  or  4.72  per  cent,  of  the  cases  could  the  disease  be  said 
lave  been  transmitted.  Traumatism,  according  to  some  writers, 
i  a  direct  influence  on  the  development  of  carcinoma  of  the  breast 
ibout  13  per  cent,  of  the  cases.  Cancer  of  the  breast  in  the  negro 
xtremely  rare.  The  writer  does  not  remember  having  seen  a  case. 
As  to  the  locality  of  the  disease,  it  may  be  said  that  it  occurs 
mt  as  frequently  in  one  breast  as  in  the  other.  If  a  line  be 
,wn  vertically  and  one  horizontally  through  the  nipple,  the 
ast  will  be  divided  into  quadrants.  If  now  a  circle  be  drawn 
mid  the  areola,  the  breast  will  be  divided  into  five  anatomical 
is  in  which  cancer  may  be  found.  The  disease  was  found  by 
ss  to  be  seated  more  frequently  in  the  upper  than  in  the  lower 
lisphere,  and  more  frequently  in  the  outer  than  the  inner  hem- 
ere.  The  most  frequent  locality  was  found  to  be  the  upper  and 
'T  quadrant,  that  nearest  the  axilla,  while  the  region  of  the  areola 
e  next  in  order.  In  exceptional  cases  it  develops  in  an  accessory 
id  or  lobule  below  the  clavicle,  near  the  sternum,  or  in  the  axilla, 
•re  it  may  be  mistaken  for  disease  originating  in  a  lymphatic  gland. 
cer  constitutes  about  80  per  cent,  of  all  tumors  of  the  breast. 
The  classification  of  cancer  of  the  breast  varies  considerably  in 
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different  works.     The  simplest  and  most  practical  arran 
a  division  of  the  various  forms  into  two  classes — nanielv, 
lary,  or  soft  and  rapidly-growing  carcinoma;  and  scirr 
hard  or  less  malignant  type. 

The  cells  of  carcinoma  of  the  breast  are  of  a  m 
globular  type  of  epithelium.  They  are  very  irregular  it 
and  vary  considerably  in  size.  They  are  contained  in  alvtt 
are  grouped  together  in  no  well-defined  order,  but  fill  the  2 
usually  with  a  solid  mass  of  cells  which  are  directly  in 
with  one  another.  In  the  medullary  form  the  alveoli  arc 
large  or  numerous,  and  they  vary  according  to  the  shape 
plugs  of  cells  that  accumulate  in  the  stroma.  These  ph 
sometimes  round  or  oval  in  shape,  and  at  other  times  are  lc 
narrow,  and  cancers  in  which  one  or  the  other  form  prevai 
been  called  by  Billroth  "acinous"  or  tubular.  The  sti 
composed  of  connective- tissue  fibres  in  which  there  is  more 
round-cell  infiltration.  It  is  sometimes  exceedingl 
amount,  only  a  few  fibres  forming  the  trabecular  which  s 
the  different  alveoli,  and  in  such  cases  the  cell-masses  o 
are  very  numerous.  The  larger  the  number  of  cells  trn 
the  tissue,  and  the  term  medullary  is  therefore  a  most  appi 
one  to  describe  such  a  condition  (Fig.  93).     In  the  peri  pi 

the  tumor  the  tissue 
immediately  surround 
cancerous  growth  is 
infiltrated  extensively 
small  round-cells.  Th 
ma  is  not  always  tin. 
in  character  tlirougho 
growth,  for  at  certain 
it  may  be  abundant,  ai 
form  broad  fibi 
^SSEJEh^E^iSE  SSS8I      which  separate  the  soft 

lar  portions  from  one 
This  is  the  case  in  tu: 
medium    density,    whii 
'o^<«L:/  ?       sometimes  called   "car 

Fig.  93.— Medullary  Carcinoma   of  the  Breast    Simplex1* — a    term    fre< 

(oc.  3,  obj.  d.).  used    in    books,     but 

employed   b)    surgeons. 

In  the  scirrhous  variety  the  stroma  is  a  predominant  feal 
the  new  growth,  and  the  cell-clusters  are  few  in  number 
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.  The  latter  are  found  scattered  at  greater  or  lesser  distances 
from  one  another,  and  are  enclosed  in  elongated  and  spindle- 
is  Iiaped    alveoli.      They   are    in    cj^.  ,  •  .  •. 
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Fig.  94. — Scirrhous  Cancer  of  Breast  (oc.  3. 
obj.  D.). 


rare  instances  found  to  undergo 
calcification.     The  fibrous  stro- 
ma is  very  dense  and  scar-like 
at  certain  places,  and  the  fibres 
often    run    together,     forming 
broad    semi-transparent   bands 
of  tissue,  with  a  few  pigment- 
granules    scattered    here    and 
thcre>  but  with  very  few  cells 
Fig.    94).       In     the     extreme 
ty  j>«  of  this  form  of  cancer  the 
celX-clusters      are      sometimes 
qia  i  te  difficult  to  find,   and  in 
tl*«sr   early  days  of  the   micro- 
sc<^>pe  this   form   was   called  a 
M  <zr on nective- tissue  cancer,'*  as 
it     ^aras  supposed  that  no  epithe- 

livjs.  in  existed  in  it.  This  type  of  scirrhus  has  been  called 
11  ^alrophying  scirrhus;1'  the  dense  forms  of  cancer,  being  very 
sl<^w  in  growth,  are  consequently  much  less  malignant  in  cha- 
rs*. <rter. 

The  coarse  appearances  of  these  two  forms  of  cancer  also  differ 
ira^rkedly  from  each  other.     The  cut  surface  of  a  medullary  cancer 
sa  grayish-red  color  in  which  grayish  stria?  are  seen  formed  by 
tli  c  fibrous  trabecular  which  support  the  soft  juicy  masses  of  cells. 
T*tiere  is  no  well-defined  border,  as  the  growth  appears  to  infiltrate 
tVie  surrounding  tissues.      By  scraping  lightly  such  a  surface  an 
abundant  cancer-juice  is  obtained   upon   the  blade  of  a  knife,  the 
j  vi  ice  showing  under  the  microscope  epithelial  cells  of  most  irreg- 
ular shapes,  single  or  in  clusters,  and   floating  in  a  turbid  serum. 
ETlie  scirrhous  cancer  when  cut  open  shows  a  mass  of  scar-like  tis- 
sue which  has  caught  in  its  projecting  bands  of  fibres  portions  of 
the    lacteal  ducts  and  of  other  structures  pertaining  to  the  breast, 
tli -at  are  in  a  more  or  less  advanced  stage  of  atrophy. 
An  unusual  form  of  cancer  of  the  breast  is  colloid  cancer.     It 
*s    so  rare  that  the  writer  remembers  having  seen  but  two  speci- 
ttl^,ris.     The  appearance  of  a  microscopical  section  is  very  striking, 
alveoli  are  large  and  the  stroma  is  thin  and  transparent.     The 
oli  appear  to  be  distended  with  a  transparent  gelatinous  mate- 


isappears,  and  the  cells  break  through  the  deeper  layer* 
tunic  into  the  surrounding  tissue,  and  they  begin  to  gro* 
ferent  directions  in  the  lymph-spaces. 

Let  attention  now  be  turned  to  the  cluneal  history  of  ca 
the  breast.  The  first  symptom  noticed  by  the  patient  is 
lump  in  the  breast  It  is  only  accidentally  found,  as  there  h 
no  previous  pain  and  no  symptoms  of  constitutional  disturb 
any  kind.  When  a  healthy  woman  between  forty  and  fifty  \ 
age  presents  herself  with  such  a  lump,  the  chances  are  strc 
favor  of  its  being  a  malignant  growth-  The  nodule  is  usuall 
in  the  upper  and  outer  quadrant  or  beneath  the  nipple, 
touch  the  nodule  appears  to  be  firm  and  ill-defined  as  to 
ders.  In  some  cases  the  nipple  is  retracted,  and  if  the  a 
explored  with  the  tips  of  the  fingers,  there  will  be  found 
more  glands  firm  and  matted  together  that  slip  between  tin 
and  the  ribs.  Often  there  is  no  retraction  of  the  nipple, 
many  cases  a  careful  inspection  will  show  that  the  skin  ov 
the  tissues  is  depressed  slightly,  forming  a  shallow  dimple 
pitting  of  the  skin  and  the  retraction  of  the  nipple  are  dm 
shrinkage  which  has  taken  place  in  the  breast- tissues  ir 
quence  of  the  destruction  that  has  been  brought  about 
diseased  growth.  The  lump  in  the  breast  slowly  grows,  anc 
it  becomes  attached  to  the  skin,  which  gradually  becomes dc 
so  that  there  is  found  in  the  centre  of  a  reddened  and  in 
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mammary  gland  should  not  be  mistaken  for  a  tumor,  and  the 
.est  way  to  determine  definitely  the  presence  of  a  new  growth  is 
j  press  the  breast  firmly  against  the  thorax-wall  with  the  palmar 
urface  of  three  extended  fingers. 

The  tumor  develops  not  only  forward,  but  also  backward  into 
ie  pectoral  muscle  and  the  retromammary  connective  tissue. 
;ven  though  the  muscle  appears  to  be  free,  the  delicate  fascia  is 
ten  affected.  The  muscle  may  eventually  become  adherent  to 
ic  growth,  and  later  it  may  be  perforated,  aud  the  tumor  then 
•comes  fastened  to  the  ribs.  This  condition  is  recognized  by  the 
1  mobility  of  the  nodule.  While  growth  in  this  direction  is  taking 
ace,    the   surrounding   skin    occasionally    appears   also   to   have 

Erome  affected,   and  numerous  red  nodules  crop  out  in  various 
ections.     In  this  way  a  large  area  of  the  skin  of  the  chest  may 
Ejine  diseased,  and  there  is  presented  the  condition  known  by 
nch  writers  as  cancer  en  cuirasse.      Occasionally  the  original 
mor  enlarges  with  frightful  rapid ity,  and  often  with  the  appear- 
of  an  inflammation.     The  skin  of  the  breast  becomes  red- 
led   and    slightly   cedematous,    showing   a  well-defined    outline 
ig.  95).      This  redness  spreads  over  the  whole  breast,   which 
>mes  hard  aud  brawny, 
the     infiltration    in- 

|:s  the  skin  of  the 
ix-wall  beneath  the 
1.  Such  fulminating 
are  fortunately  rare, 
s  the  disease  prog- 
|  in  the  mammary 
1  the  glands  in  the 
<r  become  enlarged 
matted  together,  and 
fill  out  the  cavity  of 
xilla  with  a  firm  nod- 
cl  tumor.  At  this  time 
may  be  observed 
e  supraclavicular  re- 
")n  a  slight  fulness  which 
not  to  be  seen  on  the  other  side.  This  appearance  shows  that 
\  axillary  infection  has  spread  beneath  the  clavicle.  From  this 
int  the  cancer-cells  follow  the  chain  of  glands  which  accompany 
t  internal  mammary  artery,  or  the)7  may  next  infect  the  bron- 
ial  glands  at  the  root  of  the  lungs. 


Fir..  95.— Brawny  Infiltration  of  Breast  in  Cancer. 
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When  the  tumor  is  very  near  the  sternum,  Votkmann  has 
the  axillary  glands  of  the  opposite  side  also  infected.  It  is  stated 
by  Billroth  and  Winiwarter  that  glands  felt  iti  the  axilla  and  above 
the  clavicle  may  in  some  cases  disappear  after  operation.  Thil 
appearance  can  only  be  explained  on  the  theory  that  they  were 
inflammatory.  In  the  case  of  inflamed  cancers  such  enlarged 
glands  might  be  found,  but  so  far  as  the  writer's  experience  goes 
such  fortunate  retrograde  changes  are  not  seen. 

The  infection  of  the  lymphatic  glands  in  the  axillary  and  snb- 
clavian  regions  finally  becomes  so  exteusive  that  the  return  of  the 
venous  blood  and  lymph  is  retarded,  and  an  oedematous  enlargement 
of  the  arm  results,  which  involves  the  whole  limb  and  sometimes 
attains  enormous  proportions.  This  symptom  is  then  a  sign  of 
deep-seated  glandular  involvement,  and  is  a  contraindication  to 

operative  interference  unless 
for   the  relief  of  pain  j  I 
96).     There  is,  however,  al- 
ways a  tendency  to  degt  I 
ation  and  absorption  of  the 
cancerous  growth,  and  so  far 
as  this  goes  there  is  a  tend- 
ency consequently  to  spon-    _^ 
taneous    cure.     The    writer-^ 
does  not,  however,  find  ami*^^ 
such  case  reported  in  litera  ^ 
ture,  although  Billroth  men 
tions    a    case    of    scirrhoc 
cancer  that  had  almost  er 
tirely    disappeared*    at    tH-^ 
time  of  the  patient 
from  metastatic  deposit*. 
Metastasis  is  supposed 
occur  through  the  lympbai 
system  in  cancer,  but  tl 
probably  not  always  the  rot.  mtt 
taken  by  the  disease.     K  -i  [/. 
roth  suggests  that  the  nod- 
ules found  in  the  lungs,  xfo 
liver,  and  the  kidneys  reac/i 
those  regions  by  embolism, 
a  growth  of  cancer 
vading  the  vein,  being  carried  thence  to  the  heart  and 
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pulmonary  system  to  the  varions  organs.     He  doubts  whether  the 
disease  can  be  transmitted  by  the  lymphatics  through  the  diaphragm 
to  the  liver  and  through  the  posterior  mediastinum  to  the  spinal 
column.    In  one  case  seen  by  the  writer  a  line  of  infected  lymphat- 
ics led  along  the  ribs  to  the  spinal  column  and  thence  to  the  liver, 
which  was  completely  infiltrated  with  cancer.     In  this  case  there 
had  been  no  return  of  the  disease  in  the  axilla,  but  one  or  two 
nodules  were  found  in  the  cicatrix  of  the  breast.     The  liver  and 
Jungs  are  most  frequently  the  seat  of  metastatic  deposits.     The 
p/eura  may  be  infected  by  direct  extension  of  the  growth  from 
th*±  primary  nodule  through  the  chest-wall.     These  deposits  may 
also  be  found  in  the  bones  and  in  the  dura  mater,  and  more  rarely 
in.    some  other  internal  organ.     Billroth  observed  an  appearance  of 
ttM.^  disease  in  the  other  breast  several  times,  but  the  experience  of 
to  <^>st  surgeons  is  that  metastasis  to  the  breast  is  an  extreme  rarity, 
It     ^s  uot  probable  that  the  disease  ever  spreads  directly  from  one 
bx-^ast  to  the  other. 

The  average  duration  of  life  in  cancer  of  the  breast  that  runs  its 
eo '■.use  untreated  is,  according  to  Gross,  28.06  months.    In  536  cases 
wtxich  were  operated  upon,  and  in  which  the  disease  returned,  the 
a*v«ragc  duration  of  life  was  38.5  months.      The  operation  appears, 
tl~m«refore,  to  have  had  the  effect  of  prolonging  life  in  those  cases 
foir  ten  months.     Dietrich's  estimates  place  the  prolongation  of  life 
2Lt    seven  months.      It  is  usually  considered  that  after  the  lapse  of 
tViree  years  from  the  date  of  operation  the  patient  may  be  regarded 
a.s  permanently  cured  if  no  return  has  been  observed,  the  percent- 
age of  recurrence  after  that  period  being  exceedingly  small.    Gross 
found  that  11.83  Per  ceat  of  the  cases  in  his  collection  met  that 
requirement.      A  combination  of  the  statistics  of  Banks,   Kiister, 
and  Gross,  consisting  of  257  cases,  shows  that  19.38  per  cent,  were 
cured.     The  mortality  of  the  operation  amounted  in  this  series  to 
12.06  per  cent.     In  Dietrich's  series  of  no  cases  there  were  8 
deaths,  or  a  mortality  of  7.6  per  cent.     His  percentage  of  cures 
was  16.2.     In  the  series  of  cases  operated   upon  by  him  Dennis 
estimates  the  cures  at  25  per  cent.      In   71    cases  operated   upon 
by  him    there   was    1   death    from    haemophilia.      His   mortality 
was,  then,  1.4  per  cent.,  or  if  the  haemophilia  case  be  excluded 
it  was  o.       Bull  reports   75  cases  with  3   deaths  and   20  cures, 
the  percentage  of  cures  being  26.6,  showing  an  increase  over  pre- 
vious records.     Richardson  found  that  the  mortality  of  all  cases 
(290)  operated  upon  at  the  Massachusetts  General  Hospital  up  to 
the  year  1877  was  7.9  per  cent.     The  mortality  of  the  operations 
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performed  from  1877  to  1887  was  8.3  per  cent,  showing  an  tncreg^^ 
due  to  the  so-called  *' completed'1  operation. 

The  completed  operation,  so  called,  implies  thorough  dissect^^ 
of  the  axilla.     It  has  since  been  found  necessary  to  dissect  off  t| 
fascia  of  the  pectoralis  major  muscle,  and  many  operators  hqv. 
within  the  last  year  or  two  removed  both  the  pectoralis  major  a^-v 
the  pectoralis  minor.     Notwithstanding  the  increasing  severity 
the  operation,  the  mortality  is  steadily  decreasing.     In  the  writer  \ 
cases  there  have  been  but  two  deaths  since  he  began  to  pen 
the  completed  operation.     This  series  includes  an  amputation  of 
both  breasts  with  dissection  of  the  axillae,  in  many  cases  the  re- 
moval of  the  two  pectoral  muscles  and  in  one  case  the  division  «=»f 
the  clavicle.     It  would  be  fair  to  place  the  mortality  of  the  writ 
cases  at  2  percent,  j  it  is  probably  less  than  that.     In  regard  to  i 
number  of  cures  the  writer  is  unable  to  give  any  figures,  fagfl 
found  that  all  those  cases  which  passed  the  three-year  limit  proves-^ 
to  be  scirrhous  cancer.     The  writer  has  in  several  cases  dissecte=^ 
the  supraclavicular  space  :  this  is  the  almost  invariable  practice  o*^3 
Halstead,  who  also  removes  both  pectorals.    In  50  cases  Halstead  h 
had  but  6  per  cent,  of  local  recurrences.    He  advises  the  removal 
breast  and  glands  in  one  continuous  mass  to  avoid  wound-infecti 

In  regard  to  the  question  of  operation  in  the  axilla,  many 
geons  speak  of  the  period  previous  to  axillary  infection.       Si 
the  writer  has  been  in  the  habit  of  dissecting  the  axilla  in  ev 
case  of  operation  for  cancer  of  the  breast,  he  has  never  yet  foun- 
an  axilla  that  had  not  already  been  infected,   and  in  one  cas 
already  referred  to,  the  operation  was  performed  three  weeks  aft 
the  disease  had   first  made  its  appearance  as  an  extremely  sm 
nodule  in  the  upper  and  inner  quadrant. 

The  diagnosis  of  cancer  of  the  breast  often  presents  great  di 
culties.     Although  a  lump  in  the  breast  of  a  woman  between  (otr-f 
and  fifty  years  of  age  is  cancer  in  80  per  cent,  of  the  cases*  then^  ^ 
a  residue  in  which  non-malignant  growths  occur.     The  cotnmor 
form  is  cyst-formation  due  to  chronic  mastitis.     This  cyst  osu 
develops  in  the  upper  hemisphere,  and  it  is  accompanied  by  the 
enlargement  of  a  few  glands  in  the  axilla.    These  glands,  hovti 
are  discrete  and  soft,  and  unlike  the  matted  glands  of  cancer.     7 
writer  finds  the  use  of  the  Mixter  punch  most  valuable  in  Bodi 
cases,  and  in  fact  in  all  doubtful  cases  of  cancer.     The  oper.)' 
when  performed  with  cocaine  injection  is  painless  and  harmless, 
and  it  secures  a  specimen  amply  sufficient  for  microscopic  diag- 


its.      Chronic   mastitis  with 
tcess  may  be  mistaken  for  cancer. 

There  remains  to  be  considered  still  one  form  of  disease  which 
isually  described  as  an  affection  of  the  breast,  although  belong- 
r  strictly  to  the  class  of  carcinoma  of  the  skin.  Pagefs  disease 
the  nipple  has  been  compared  to  an  eczematous  affection  limited 
the  nipple  and  the  areola,  which  affection  eventually  becomes 
ilignant  and  may  involve  the  whole  breast.  The  disease  is 
ely  seen  before  the  age  of  forty.  It  may  make  its  first  appear- 
ce  after  a  confinement  or  after  nursing,  and  shows  itself  on  or 
3Ut  the  nipple  as  a  crust  which  cannot  easily  be  removed, 
esently  the  skin  becomes  red  and  more  or  less  inflamed,  and  the 
>ple  gradually  becomes  retracted.  The  area  of  the  disease  con- 
ues  to  spread,  and  the  part  becomes  indurated  and  slightly  raised 
ave  the  level  of  the  skin.  The  diseased  surface  gradually  be- 
nes  more  moist  and  bleeds  easily,  and  finally  ulceration  takes 
Lee,  often  becoming  quite  deep  in  the  vicinity  of  the  nipple, 
le  disease  is  accompanied  by  itching  and  burning.  As  the  carci- 
raa  grows  the  ulceration  becomes  deeper  and  the  induration 
^ater,  and  eventually  it  may  extend  into  the  deeper  portions  of 
:  breast.  Glandular  involvement  is  rare  except  in  the  latest 
ges  of  the  disease. 

The  histological  changes  observed  in  this  disease  have  been 
idied  by  Paget  and  Porter  among  the  earlier  observers,  and  more 
gently  by  Thin,  Darier,  and  Wickham.  In  the  earlier  stages  the 
iturbauce  is  limited,  as  in  keratosis,  chiefly  to  the  epidermic 
rers.  During  the  earliest  period  there  are  found  an  elevation 
d  a  thickening  of  the  epidermis,  and  the  cells  of  the  rete  lying 
tweeu  the  papillae  are  more  abundant,  and  project  more  deeply 
an  normal  into  the  cutis  vera.  The  true  skin  is  infiltrated  with 
lall  round-cells  in  its  upper  layer,  but  the  deeper  layers  appear 
be  normal.  Wickham  made  a  special  study  of  the  psorosperms 
this  disease,  and  at  this  stage  found  them  numerous  in  the  Mal- 
ghian  layer.  They  appear  as  round  or  oval  bodies  with  thick  glisten- 
g  capsules,  and  they  are  situated  in  the  protoplasm  of  the  epithelial 
lis,  pushing  the  nucleus  to  one  side.  When  treated  with  alcohol 
e  protoplasm  of  these  bodies  contracts,  and  leaves  a  space  which 
as  regarded  as  a  vacuole  in  the  cell.  In  a  more  advanced  stage 
le  epidermic  cells  are  often  wanting,  and  even  the  Malpigliim 
yer  is  more  or  less  destroyed,  so  that  the  papillae  are  covered 
liefly  by  round-cells.  The  corium  is  now  infiltrated  with  an 
iflammatory  exudation.     At  the  beginning  of  the  cancerous  stage 
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Iiere  is  found  an  epithelial  growth  invading  the  corium  and  the 
parious  glandular  structures  to  be  found  there,  such  as  the  seba- 
ceous and  sudoriparous  glands  and  the  ducts  of  the  mammary 
Fgland.  These  ducts  are  eventually  filled  with  pavement-epithelial 
cells.  As  these  cells  grow  the  walls  of  the  smaller  ducts  give  way 
and  the  epithelial  growth  invades  the  stroma  of  the  gland.  It  pre- 
serves the  type  of  epithelial  cancer,  and  in  that  form  involvement 
of  the  axillary  glands  does  not  take  place  until  late  in  the  disease. 
During  the  active  stage  of  the  epithelial  growth  the  psorospenns 
have  been  observed  by  Wickham  forming  cyst-like  structures  con- 
taining a  number  of  oval  corpuscles. 

The  prognosis  of  the  disease  is  favorable  for  cancer,  for  the  pre- 
cancerous stage  may  endure  for  many  years:  after  the  cancerous 
stage  has  developed  the  breast  can  be  removed  in  time  to  forestall 
involvement  of  the  axillary  glands,  and  a  permanent  cure  may  be 
the  result. 

In  the  early  stage  the  part  should  be  treated  as  for  eczema,  bnt 
if  soothing  ointments  fail  to  heal  the  disease,  the  growth  can  be 
destroyed  with  chloride-of-zinc  paste  or  with  solid  caustic  potash. 
or  be  seared  with  the  actual  cautery. 

The  "  nitric-acid  method  "  described  by  Chiene  enables  one  to  detev  I 
greater  accuracy  the  presence  of  catKAf  in  Bfl  amputated  bltait 
should  be  washed  in  water  to  remove  all  traces  of  blood;  it  should  then  I 
submerged  in  a  5  per  cent,  aqueous  solution  of  nitric  acid  (B.  P  )  for  abr^^ 
ten  minutes.     Wash  the  specimen  in  plenty  of  running  water,  and  place 
methylated  spirit  for  two  or  three  minutes.     Epithelial  structures  are  tm 
an  opaque  white,  fibrous  tissue  is  rendered  transparent,  and  fat  is  unalter-^^f 
The  cut  surface  should  be  treated  in  the  same  manner,     la  this  way  the  Sfc^yy. 
geon  can  determine  more  accurately  than  by  the  naked  eye  whether  all  *tis- 
ease  has  been  removed. 


3.   Carcinoma  of  the  Uteris. 

The  uterus,  before  all  other  organs,  is  the  one  most  frequentiv 
affected  with  cancer.     Schroeder  reports  that  in  an  examinatio 
26,200  cases  in  his  gynecological  clinic,  cancer  of  the  uterus  iris 
observed  in  812,  or  in  3  per  cent,  of  all  cases  examined.     In  -ssj 
cases  of  cancer  collected  by  Andrews,  cancer  of  the  uteri] 
in  2308.     Although  affected  so  frequently'  with  primary  cancer,  the 
uterus  is  more  rarely  the  seat  of  metastatic  cancer  than  toy  other 
organ.     Cancer  occurs  in  this  organ  in  middle  life  or  near  the 
period  of  the  menopause.     From  statistics  of  deaths  in  Vienna 
from  1862  to  1869  it  is  seen  that  deaths  from  cancer  of  the  litem* 
j>ccur  most  frequently  from   the  thirty-sixth  to  the  sixtieth  year. 
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It  may  occur  in  early  life,  but  it  is  far  more  rare,  though  usually 
more  malignant,  at  that  period.     The  figures  of  Williams  show 
that  heredity  does  not  play  a  very  important  part.     In  108  cases 
investigated,  malignant  disease  was  found  to  have  existed  in  the 
relatives    in    23    cases,    or    in    21. 3    per   cent.,    but    in    only    8 
cases  were  the  parents  affected  with  cancer.     The  disease  occurs 
most  frequently  in  women  who  have  borne  children,  particularly 
in  those  who  have  had  large  families.     It  is  rare  iu  the  nulliparae, 
and  when  it  does  occur  it  appears  chiefly  in  the  body  of  the  uterus. 
Among  the  diseases  of  the  uterus  that  seem  to  favor  the  develop- 
ment of  cancer  may  be  mentioned  chronic  endometritis,  particu- 
Jax-ly  that  variety  which  is  accompanied  by  glandular  hypertrophy. 
It       seems  to  occur  more  frequently  in  the  poor  than  in  the  rich, 
tha.  ough  negresses — who  are  particularly  liable  to  uterine  fibroids — 
2M~^  far  less  subject  to  cancer  than  white  women. 

There  are  three  principal  seats  of  cancer  of  the  uterus:  it  is 

f»~a_md  in  the  vaginal  portion,  in  the  cervical  canal,  and  in  the  body 

o£~    the  uterus.     Recent  investigations  seem  to  show  that  many  of 

tt~"m  «  cancers  seen  in  the  cervical  canal  or  on  the  vaginal  portion  do 

tt«z»t  spring  from   the  surface   epithelium,   but  from  the  glandular 

structures  in  the  deeper  parts  of  the  neck  of  the  uterus,  and  that 

t*l"*ey  appear  sometimes  in  the  cervix,  and  sometimes  make  their 

way  out  through  the  vaginal  mucous  membrane.     Many  of  the 

p^tpillary   growths    spring    from    this    source    (Ruge    and   Veit), 

Cancer  of  the  neck  and  the  cervical  canal  is  far  commoner  than 

cancer  of  the  body  of  the  uterus. 

The  cancer  of  the  vaginal  portion  develops  from  the  epithelium 
of  this  region,  and  is  a  pavement- cell  epithelioma.  It  is  of  the 
same  type  as  cancer  of  the  skin.  There  is  an  abundant  stroma  in 
which  the  clusters  of  cells  are  imbedded.  It  may  grow  on  one  or 
both  lips.  It  is  occasionally  seen  developing  from  the  surface  of 
an  old  laceration,  and  very  rarely  it  occurs  in  the  interior  of  the 
uterus.  The  pavement-cell  epithelioma,  however,  does  not  occur 
so  frequently  as  was  formerly  supposed  to  be  the  case,  for  many  of 
the  cancers  of  this  region  are  of  the  alveolar  type,  resembling 
more  the  adeno-carcinomata  springing  from  glandular  structures 
deep  in  the  cervix.  Cancer  of  this  part  of  the  uterus  grows 
frequently  as  a  papillary  tumor,  and  it  may  assume  considerable 
&ize,  producing  the  so-called  **  cauliflower**  growth.  These  pap- 
illary growths  may  have  a  broad  basis  or  they  may  be  attached 
only  by  a  pedicle.  A  certain  portion  of  these  cauliflower  growths 
are  composed  of  pavement  epithelium;  others,  however,  have 
43 


en*.  5 


SURGICAL   PATHOLOGY  AND   THERAPEUTICS. 

tyliuder  epithelium,  and  they  closely  resemble  the  villous  cane 
}f  the  bladder  (Orth),     Other  forms  of  epithelioma  may  be  flat  and 
[superficial,  resembling  somewhat  the  type  known  as  rodent  ti]ccr*»  ^ 
fThe  epithelial  type,  or  cancroid,  spreads  outward  into  the  ^r^TiH, 
it   is   rarely   seen    in    the   interior  of  the   uterus  or  tin 
although  it  may  invade  the  cervical  canal. 

La  in  noma  of  the  cervkal  canal  is  more  of  the 
alveolar  type,  and  it  is  developed  from  the  glandular  structures* 
this  region.  The  disease  may  develop  here  without  showing  itse^^j/ 
externally  before  it  lias  produced  a  general  ulceration  of  t  ])( 
cervical  canal.  It  may,  however,  grow  upward  and  involve  t 
cavity  of  the  uterus,  or  it  may  grow  outward  into  the  vagir 
portion.  Eventually  the  cervix  is  destroyed,  and  when  the  discs 
is  found  in  an  advanced  stage  of  ulceration  it  is  difficult  toriec£ 
from  which  region  the  cancer  originally  developed. 

//;  Cancer  of  the  body  of  the  uterus  there  is  presented  B 
more  distinctly  glandular  in  character,  the  so-called  "  adeno-car   ^r- 
noma"  or  malignant  adenoma.     Here  the  growth  spreads  dcc| .     > 
into  the  muscular  tissue  of  the  uterus,  and  many  of  the  trabeeu 
of  the  stroma  contain  unstriped  muscular  fibres  (Fig,  97),     T 


Fio.  97.— Cancer  of  the  Uterus  (oc  3,  obj.  A.). 

cells  in  the  alveoli  are  cylindrical,  and  are  often  arranged  arol 
a  central  lumen  as  in  gland  acini.     Near  them,  however,  arc  off 
alveoli,   which  contain  solid  masses  of  cells.     These  carcinoml 
may  vary  from  the  scirrhous  to  the  medullary  type,  accordingl 
the  amount  of  stroma  they  contain.     By  changes  in  the 
there  may  occur  a  mixed  form  of  growth,  such  as 


loma  or  sarco-carcinoma,    according  as  the  stroma  changes  to 
mucous  or  to  sarcomatous  tissue  (Orth). 

As  cancer  of  the  cervix  spreads  the  parts  about  become  con- 
certed into  one  large  ulcer,  and  the  anatomical  relations  are  lost. 
The  cervix  is  destroyed,  and  the  disease  next  involves  the  mucous 
membrane  of  the  vagina,  when  the  border  of  the  ulcer  may  be 
raised,  forming  the  margin  of  a  crater.  From  this  point  the  dis- 
ease may  spread  to  the  subserous  tissue  about  the  uterus  and  at  the 
base  of  the  broad  ligaments  and  the  parametrium.  It  also  extends 
into  the  wall  of  the  uterus  in  a  horizontal  line,  so  that  the  entire 
thickness  of  the  wall  is  simultaneously  affected.  Occasionally 
t:here  may  be  found  an  isolated  nodule  of  cancer  higher  up  than 
the  apparent  upper  edge  of  the  disease.  Whether  this  has  spread 
toy  lymphatic  infection,  or  whether  it  is  possible  that  multiple  can- 
cer can  form,  seems  to  be  undecided.  The  pathological  fact,  how- 
»ver,  is  extremely  important  in  its  bearing  upon  the  choice  of  an 
operation.  A  curious  complication  sometimes  occurs  owing  to 
onstriction  of  the  cervical  canal:  as  a  result  of  this  the  secretions 
f  the  uterus  are  retained,  and  the  condition  known  as  hydromctra 
.  established.  In  cancer  of  the  body  of  the  uterus  the  cavity  may 
»crome  much  enlarged  by  ulceration  before  the  cervical  canal  has 
~em  affected.  This  form  of  the  disease  spreads  more  rapidly  in 
l&  direction  of  the  peritoneum.     Ulceration  may,  however,  occur 

the  cervical  mucous  membrane  from  the  irritation  produced  by 
^  discharges.  The  whole  organ  often  becomes  enlarged,  not 
txaply  when  the  body  is  infiltrated  with  cancer,  but  even  when 
.  ^  disease  is  limited  to  the  cervix.  As  the  disease  advances  the 
^.<3der  and  the  rectum  become  involved.  The  bladder  is  the  organ 
~s.t  attacked,  and  a  fistulous  opening  may  eventually  be  established 
^  tween  the  bladder  and  the  vagina,  and  the  ureters  may  likewise 
-come  involved  in  the  growth.  A  fecal  fistula  is  also  one  of  the 
:>ssible  complications  of  the  disease.  Infiltration  of  the  broad 
laments  is  often  accompanied  with  severe  pains.  As  the  disease 
rogresses  even  the  bones  of  the  pelvis  may  be  attacked.  When 
le  disease  reaches  the  peritoneum  the  intestines  become  glued  to 
Ke  fundus  of  the  uterus,  and  during  the  process  of  ulceration  the 
-avity  of  the  uterus  may  open  into  a  loop  of  intestine.  The  tubes 
Mad  ovaries  are  affected  only  quite  late  in  the  disease.  Lymphatic 
infection  is  found  in  the  lumbar,  retroperitoneal,  and  inguinal 
flands.  Metastatic  deposits  in  the  large  abdominal  organs  are 
eldom  seen. 

The  presence  of  carcinoma  in  the  uterus  is  not  often  recognized 
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balls  and  a  stroma  in  which  muscular  tissue  is  found,  the  diagnosis 

of  carcinoma  may  be   made.     The  presence,  on  the  one  hand,  of 

lobular  masses  of  gland-like  tissue,  very  closely  packed  together 

hi  t  liout  any  tunica  propria  or  muscular  tissue,  is  strongly  sugges- 

ti  ve   of  malignant  disease.     On  the  other  hand,  an  irregular  gland- 

til  slit  growth,  consisting  of  dilated  acini  or  of  acini  filled  with  cells 

ox*    xp>apillary  growth  situated  in  a  normal  stroma,  is  not  sufficiently 

ty-jp>ical  of  cancer  to  establish  a  diagnosis  (Orth). 

The  old  operation  for  cancer  of  the  uterus,  consisting  in  local 

c^c<zz  xsion  or  cautery,  was  almost  invariably  followed  by  a  prompt 

t^T-  urn  of  the  disease.     The  modern  operations  show  better  results. 

riig^h  amputation  of  the  cervix  is  not  a  dangerous  operation,  and 

vfc.        «shows  good  results,  but  it  is  less  frequently  employed  now  that 

t»^<^re  radical  methods  have  come  into  use.     Baker  reports  sixteen 

csfc.^^s  of  high    amputation   with    no  deaths.       In    six   the   disease 

r^<^  xarred,  and  in  ten  there  was  no  recurrence  at  periods  varying 

firom   two  to  eight  years.     Hofmeier  performed  thirty-three  high 

am  putations  with  only  one  death.    The  after-results  are  reported  by 

i^i  111  to  be  as  good  as  those  for  total  extirpation. 

"The  early  statistics  of  abdominal  and  vaginal  hysterectomy  show 
a     large  mortality.      Thus  in   1885   Duncan  reported   137  cases  of 
Abdominal  hysterectomy,  with  99  deaths,  or  a  mortality  of  72  per 
*^ent.     In  276  cases  of  vaginal  hysterectomy  there  were  79  deaths, 
^>ra  mortality  of  28  percent.     Sarah  E.  Post,  in  1887,  collected  722 
-American  cases  of  vaginal  hysterectomy,  with  a  mortality  of  24 
"per  cent.     Scheyron,  in  1890,  reported  337  vaginal  hysterectomies, 
with  a  mortality  of  only  16.9  per  cent.    Of  S54  cases  of  vaginal  hys- 
terectomy collected  by  Richardson  and  Stone  for  the  writer — which 
cases  were  operated  upon  between  1887  and  1892 — there  was  a  mor- 
tality of  9.48  per  cent.     In  483  cases  of  vaginal  hysterectomy  col- 
lected from  reports  in  which  an  attempt  had  been  made  to  furnish 
results,  it  was  found  that  in  5$  there  was  no  recurrence  at  the  end 
of  two  years;  in  26,  no  recurrence  at  the  end  of  three  years;  in  14, 
no  recurrence  is  reported  at  the  end  of  four  years;  and  in  38,  no 
recurrence  was  reported  at  the  end  of  five  years.     In  34  eases  the 
disease   recurred  at   the  end  of  the  first  year;   in  45,  recurrence 
was  reported  at  the  end  of  the  second  year;  and  in  2  only  was  the 
disease  known  to  have  returned  during  the  third  year. 


4.  Carcinoma  of  the  Tongue. 
Cancer  of  the  tongue  is  invariably  of  the  pavement-epithelium 
type,  or  epithelioma,  such  as  has  already  been  described  \w  Q&Q&S5 
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of  the  Skin.  The  cancer  springs  from  the  epithelial  layer  of  the 
mucous  membrane,  but  never* from  the  glandular  apparatus  of  the 
tongue. 

The  disease  is  much  commoner  in  men  than  in  women.  In  122 
cases  reported  by  Billroth  there  were  6  in  which  the  disease 
observed  in  women,  In  293  cases  reported  by  Barker  there  were 
46  females.  In  a  collection  of  991  cases  151  were  women.  St 
tics  show  that  the  percentage  of  women  as  compared  with  men 
varies  from  43  to  33  per  cent.  The  writer  remembers  having  seen 
the  disease  certainly  four  times  in  women,  one  of  whom,  at  least, 
was  addicted  to  the  use  of  a  pipe.  It  occurs  most  frequently 
between  the  ages  of  forty  and  sixty-five,  although  it  is  occasionally 
seen  at  a  much  earlier  period,  as  the  writer  has  operated  at  least 
once  upon  a  man  not  yet  thirty  years  of  age. 

Cancer  is  found  in  all  parts  of  the  tongue,  but  more  frequently 
in  the  anterior  half  than  in  the  posterior  half,  and  on  the  edges 
rather  than  on  the  median  line  or  dorsum,  though  it  is  seen  occa- 
sionally on  the  posterior  portion  of  the  tongue  near  the  papilla; 
circumvalla'tae  and  in  the  region  of  the  frenum. 

Occasionally  two  carcinomata  may  be  found  upon   the   sail 
tongue,   both  of  them    being   primary  growths.      The  wTriter 
observed  this  condition  in  one  case,  both  nodules  developing  almo - 
simultaneously  and  at  some  distance  from  each  other.      Thert 
also  be  seen  secondary  nodules  or  a  diffused  form  of  cancer  in  the»*^ 
tongue;  which  fact  is  of  importance  to  remember  in  making  the^ 
selection  of  an  operation. 

In  no  region  of  the  body  does  the  origin  of  the  disease  appe 
more  clearly  due  to  previously  existing  irritation.     The  presenc^-^ 
of  carious  teeth,  the  foul  condition  of  the  mouth,  the  eating  o' 
highly-spiced  food,  the  use  of  alcoholic  drinks,  and  the  "roug^ 
eating n  indulged  in  by  men  may  account  partly  for  the  greate^^ 
frequency  of  the  disease  in  the  nude  sex.     All  authorities  agre^^ 
that  a  very  large  proportion  of  the  cases  of  cancer  are  preceded 
various  abnormal  conditions  of  the  surface  of  the  tongue.     The 
conditions  are  variously  described  as  chronic  glossitis,  psoriasa 
icthyosis,  smoker's  patch,  leucoma,  or  leucokeratosis.     The  lat^^e 
condition  strongly  resembles  that  which  has  already  been 
in  the  morbid  conditions  of  the  skin  preceding  cancer.     Leuco»  na 
may  assume  various  forms,  but  the  commonest  form  is  a  patch       or 
patches  of  white   furry  membrane,  which  patches   appear  to     be 
somewhat  thicker   than,  and  therefore  slightly  raised  above,    t//e 
surface  of  the  s\\Tio\iv\Am^  mem\3roxu£.    'vAvt  patches  seen  by  :/ 


tills 

ame 

has     , 


CARCINOMA.  679 

Writer  were  very  white  and  in  striking  contrast  to  the  red  mucous 
H/embrane.     They  were  limited  to  the  side  of  the  tongue,  and  they 
covered  the  border  rather  than  the  dorsal  surface.     The  whole  sur- 
face  of  the  tongue  may  he  affected  in  this  way.     Associated  with 
this  condition  are  numerous  fissures  and  small  ulcers  which  appear 
frozn  time  to  time.    Warts  are  also  liable  to  form  in  the  latter  stage 
of"    tlae  disease,  and,  according  to  Butlin,  a  wart  on  a  leucoinatous 
base    never  gets  well  and  always  becomes  cancerous.     These  con- 
ditions  have  been  called  the  u pre-cancerous  stage,"  and  the  fre- 
qix^ncy  with  which  cancer  seems  to  follow  such  conditions  both  on 
th,^     skin  and  in  the  mucous  membrane  appears  to  justify  the  ex- 
pression. 

.According  to  Wallenberg,  leucoma — or  *'  lencoplakia,"  as  it  is 
often  called — is  caused  most  frequently  by  the  irritation  produced 
V>y  tlie  volatile  and  empyreumatic  oils  of  tobacco.  It  may  also  be 
caxased  by  disturbances  in  the  digestive  tract,  with  which  of  course 
ttie  tongue  sympathizes.  Syphilis  is  also  supposed  to  be  a  predis- 
posing cause.  A  section  made  through  a  leucomatous  patch  shows 
a.  growth  of  the  epithelium  of  the  rete  mucosa m  both  upward  and 
downward.  According  to  Butlin,  the  papillae  are  obliterated,  but 
1x3.  a  section  made  by  Gannet,  a  drawing  of  which  is  before  the 
writer,  the  interpapillary  epithelium  seems  to  be  elongated  down- 
^ward.  There  is  a  thickening  also  of  the  epidermic  layer.  The 
papillary  layer  is  infiltrated  with  round-cells.  Such  a  condition 
strongly  resembles  that  seen  in  keratosis  senilis,  and  it  could  with 
prropriety  be  called  "keratosis  linguae.41  Leucoma  is  almost  un- 
tnown  in  persons  under  tweuty  years  of  age.  It  appears  rarely  to 
\>egin  in  persons  over  sixty,  and  it  seldom  attacks  women  (Butlin). 

The  writer  has  seen  but  few  cases  of  leucoma — one  in  a  lady  on  whose 
tx^TJgne  it  first  appeared  in  youth,  and  remained  in  the  shape  of  several  large 
brilliant  white  patches  until  old  age,  when  it  disappeared  ;  in  another  case, 
a  in  an  forty-three  years  of  age,  the  tongue  had  been  troublesome  from  child- 
hood ;  the  mucous  membrane  was  sensitive  and  easily  irritated,  and  it  was 
prone  to   inflammatory  conditions,    during  which   small   ulcers   appeared. 

I    At  the  age  of  thirty-four  typical  leucoma  appeared,  situated  for  the  most 
part    on  the    right    side  of  the  tongue.       Three  years  later  the  patches 
enlarged  and  a  warty  growth  formed  in  the  centre.     Three  years  after  this 
the  writer  removed  with  the  knife  the  largest  patch,  which  was  about  the 
size  of  a  silver  half-dollar.     This  operation  was   performed  in  June.   1891. 
In  October,   1891,  a  small  epithelial  growth  of  an    apparently  malignant 
nature  appeared   on    the  opposite   side  of  the  tongue.      This   growth   was 
removed,  and  it  was   found  to  be  typical  cancer.     In  December  a  similar 
growth  was   removed  from   the  tip  of  the  tongue.      In   April,   1892,  both 
growths  having  reappeared,  a  large  portion  of  the  left  side  and  the  ti^j 
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the  tongue  was  removed  by  a  wedge-shaped  incision.  The  din  CMC  new 
turned  in  the  tongue,  but  six  months  afterward  a  glandular  enlargement 
as  observed  under  the  left  jaw,  and  the  patient  died  two  months  later.  The 
mvtli  was  found  to  be  typical  carcinoma. 

In  the  case  above  alluded  to  the  writer  had  an  opportunity  of 
serving  the  earliest  stages  of  the  cancerous  growth,  as  it  was 
iowii  to  him  but  a  few  weeks  after  it  had  made  its  appearance.  It 
'en  then  had  an  unmistakably  cancerous  aspect.  There  was  a 
stinct  infiltration  of  the  tissues  of  the  tongue,  and  the  growth 
as  surrounded  by  the  pearly  rim  so  characteristic  of  epithelial 
sease. 

When   fully   developed  the   cancerous  growth   usually   breaks 
»wn  in  the  centre  and  presents  itself  as  an  ulcer  with  indiii 
id  elevated  margins.     Such  ulceration  occurs  in  cancers  situated 
i  the  side  of  the  tongue  and  subjected  to  friction  against  the  edges 
*  the  teeth.     It  may  appear  also  on  the  side  of  the  tongue  as  a^^ 
>dulated  mass  iu  the  form  of  a  rosette,  without  any  tendency  to^.. 
ceration.      As  the  disease  grows  the  fold  of  mucous  membrane  ^~^ 
:tending  to  the  jaw  becomes  involved,  and  the  tongue  is  bounce -«-id 
>wn  by  the  contractions  that  occur  to  the  floor  of  the  mouth*- ^7, 
rhen  these  ulcers  are   situated   near  the  base  of   the   tongn 
e  anterior  pillar  of  the  palate,  and  eventually  the   tonsil  an 
e  wall  of  the  pharynx,  become  involved. 

Less  frequently  the  disease  begins  as  a  nodule  in  the  substance  „. 

the  tongue,   which  nodule  slowly  enlarges,  and  finally  -hnna«  _j  u 
>elf  above  the  surface.     More  rarely  still  the  disease  appears  r-       ^ 
iginate  beneath  the  floor  of  the  mouth,  and  never  comes  to  thtf"   |,e 
rface,  but  it  is  felt  as  a  hard,  indurated  mass  beneath  the  chi     J^ 
he  tongue  is  so  drawn  down  as  to  be  deeply  indented  at  some  or-    mot 
lint,    and   speech,    and   even   swallowing,    are   often    materia W 
fected.     In  one  such  case  that  the  writer  has  under  observati- 
e  patient  is  greatly  distressed  by  a  constant  flow  of  saliva.     T         n, 
ilargement  of  the  lymphatic  glands   occurs  at  varying  p<         _    «K 
iring  the  progress  of  the  disease.     Usually  the  glands  do  t^^^Kiot 
•pear  to  be  affected  until  several  months  after  the  first  appearat^ 

the  disease  in  the  tongue. 

Many  cases  are  on  record  where  the  tongue  has  been  remov-  -^ 

which  event  there  has  been  no  subsequent  manifestation  of     The 
sease.     It  is,  however,  not  an  uncommon  occurrence  to  fin<^j 
turn  of  the  disease,  if  such  an  expression  may  be  used,  in    the? 
batic  glands,  while  the  tongue  remains  healthv,     In  such  4 
t  the  gland  in  question  was  already  affectec/*/ 
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the  time  of  the  operation,  but  that  it  was  too  small  to  be  felt. 

Kocher  mentions  a  case  in  which  glandular  infection  occurred  in 

five  weeks,   and   the   writer   has   seen  one  where  the  glands  were 

infected  equally  early  in  the  disease.     The  writer  is  so  strongly 

impressed  with  the  danger  of  leaving  such  an  infected  gland  that 

he  should  not  be  contented  to  operate  upon  a  case  of  cancer  of  the 

tongue  without  exploring  the  glandular  region.     He  has,  however, 

followed  one  case  for  two  years  in  which  half  of  the  tongue  was 

excised  through  the  mouth  and  no  glands  were  sought  for.     There 

was  at  the  last  report  no  evidence  of  disease,  but  such  a  result  is 

hardly  sufficient  to  authorize  a  repetition  of  the  operation  in  the 

light  of  the  usual  experience. 

The  most  frequent  seat  of  glandular  infection  is  the  floor  of  the 
mouth  and  the  submaxillary  region.  A  gland  may  be  felt  in  front 
of  the  sterno-mastoid  muscle  and  at  the  side  of  the  thyroid  carti- 
lage The  glands  of  the  neck  are  quite  as  likely  to  be  involved 
are  the  glands  of  the  axilla  in  cancer  of  the  breast,  and  the 
writer  has  no  doubt  that  the  small  percentage  of  cures  reported  is 
clue  to  the  fact  that  H  completed  operations"  are  not  so  frequently 
poTformed  as  they  should  be.  Occasionally  there  is  seen  an  exten- 
sive  enlargement  of  the  submaxillary  and  cervical  glands,  with 
little  or  no  primary  disease  of  the  tongue.  In  a  case  which  came 
under  the  writer's  observation  the  upper  triangle  of  the  neck  was 
so  filled  with  enlarged  glands  as  to  form  a  tumor  of  considerable 
size.  The  tongue  presented  the  appearance  of  the  so-called  ll  fern- 
l^af"  pattern,  but  there  was  only  slight  induration,  and  it  was 
ifncult  to  say  exactly  where  the  primary  lesion  was  situated. 

As  the  disease  progresses  in  the  mouth  the  ulceration  increases, 
rid  the  interior  of  the  mouth  becomes  converted  into  a  foul  crater. 
The  pain,  which  at  first  is  usually  slight,  becomes  severe,  and  it 
radiates  in  the  direction  of  the  ear,  and  a  great  deal  of  acute  pain 
Is  often  experienced  in  the  later  stages  of  the  disease.  The  glands 
of  the  neck  become  enormously  enlarged,  and  they  form  a  tumor 
filling  out  the  side  of  the  neck  from  the  jaw  to  the  clavicle.  The 
trachea  is  often  pressed  over  under  the  opposite  ear,  and  the  rings 
can  be  felt  beneath  the  skin;  but  difficulty  of  breathing  is  rarely 
•^  jcperienced,  although  it  may  be  impossible  for  the  patient  to 
s -wallow  solid  food.  Metastatic  deposits  are  said  to  be  compara- 
ely  rare,  but  they  may  be  seen  in  the  lungs,  the  liver,  and  the 
Sidneys.  Death  may  occur  from  hemorrhage  or  from  exhaustion. 
The  diseases  most  likely  to  be  mistaken  for  cancer  are  simple 
Ulcers  formed  by   the  friction  of  the  sharp  edge  ol  a  &&\fta&&&. 


SURGICAL  PATHOLOGY  AND    THEIL 


pS2 


[tooth,  syphilis,  and  tubercle.  In  the  case  of  the  simple  ulcer  the 
position  of  the  lesion,  when  the  tongue  is  in  its  natural  posi 
usually  indicates  sufficiently  clearly  the  origin  of  the  a  fleet  i 
The  removal  of  the  tooth  is  promptly  followed  by  healing  of 
ulcer.  In  syphilis  there  is  usually  an  induration  of  the  substance 
of  the  tongue  rather  than  a  new  growth  of  tissue:  the  disease  is 
said  to  be  found  more  frequently  upon  the  median  line 
cancer.  Tuberculosis  of  the  tongue  occurs  as  a  chronic  inflamma- 
tory process,  and  it  appears  as  an  ulcer  with  a  more  or  less  ill- 
defined  inflammatory  infiltration  of  the  adjacent  parts,  whereas 
cancer  does  not  produce  an  inflammation  of  the  surrounding- 
tissues.  The  line  between  the  healthy  structures  and  the  n 
growth  is  therefore  usually  well  marked. 

In  all   uncertain  cases — and   they  are   numerous — a   fragmei 
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should  be  removed  for  microscopical  examination,  and  this  removsw^ 
can  be  effected  in  no  better  way  than  by  the  Mixter  punch- 
Cancer  of  the  tongue  runs  a  comparatively  acute  course,  t*^ 
duration  of  life  varying  from  six  to  eighteen  months  from  the  fk  w 
appearance  of  the  disease. 

The  operations  for  removing  the  tongue  vary  greatly,  and  t?jn. 
may  in  general  be  classified  under  three  heads.     Formerly  a  J^n* 
number  of  cases  were  operated  upon  by  the  ecrasrnr,  owing  to  fj,c 
fear  of  hemorrhage,  and  many  operators  still  prefer  this  method, 
but  it  is  rapidly  going  out  of  use.     Whitehead's  method  of  remov- 
ing  the  tongue  through  the  mouth  with  scissors  has  replaced 
older  operation.     It  consists  in  a  rapid  excision  of  one-half  ur  the 
whole  of  the  tongue  with  the  scissors,  care  being  taken  to  keep  the 
mouth  well  open  during  the  operation.     Hemorrhage  is  prevented 
by  the  use  of  hemostatic  forceps,  which  seize  the  lingual  Uteri 
either  before  or  as  they  are  divided.    In  the  third  group  belong  thae 
operations  which  contemplate  an  incision  for  the  purpose  of  expos- 
ing the  submaxillary  and  cervical  glands,  and  the  removal  of  uk] 
tongue  either  through  the  mouth  or  through   the   incision 
made.      The    submental   incision,    which   enables   the   operator 
remove  the  tongue  through  the  floor  of  the  month,  is  a  naej 
method  in  case  of  cancer  near  the  frenum   or  in   the   BpCJ 
tongue.     The  submaxillary  incision  exposes  the  upper  trianglj 
the  neck,  and  enables  the  operator  to  remove  the  infected  glauj 
this  region  before  the  mouth  is  opened,  and  the  tongue  is 
through  the  wound.     This  method  is  sometimes  called  "  Ki 
and  it  is  frequently  preceded  by  tracheotomy  ii 
At  mov\\\\  Brag  W.  treated  antiseptically. 
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The  operation  preferred  by  the  writer  consists  in  an  incision 
directly  downward  from  the  corner  of  the  mouth  to  the  lower  edge 
of  the  jaw,  and  thence  backward  to  the  angle  of  the  jaw.  After 
the  cheek  is  reflected  the  jaw  is  divided  at  a  point  opposite  the 
disease.  A  vertical  incision  downward  from  the  wound  exposes 
the  infected  gland  region  of  the  neck.  Through  a  wound  thus 
made  the  whole  infected  area  may  be  removed  in  one  continuous 
aaas. 

The  mortality  of  operations  upon  the  tongue  for  cancer  is  some- 
what difficult  to  obtain,  owing  to  the  great  variety  of  operations 
aiifi  to  the  varying  degrees  of  severity  of  the  disease.     The  causes 
oi  death  are  usually  bronchitis,  pneumonia,  or  gangrene  of  the 
lung.     The   German   expression    schluck-pneumonic  suggests   the 
infective  nature  of  the  process.     Death  rarely  occurs  from  hemor- 
rhage or  from  shock.      In  139  cases  reported  by  Whitehead  there 
were  20  deaths,  showing  a  mortality  of  14.3  per  cent.     Separating 
ie  cases  where  the  tongue  alone  was  removed  from  those  in  which 
e  glands  and  the  jaw  were  involved,  it  is  found  that  in  the  for- 
er  cases  the  mortality  was  only  4.5  per  cent,,  whereas  in   the 
ore  complicated  operations  where  the  glands  were  involved  the 
ortality  ran  as  high  as  77  per  cent.,  and  where  a  portion  of  the 
jaw  was  also  involved  as  high  as  57  per  cent. 

In  a  series  of  58  cases  reported  by  Kochcr,  belonging  to  the  class 
41  glandular"  or  u  completed"  operations,  in  which  the  most 
strict  antiseptic  precautious  were  observed,  the  mortality  was  only 
10.3  per  cent.  These  results  are  better  even  than  those  following 
the  use  of  the  ^craseur.  A  series  of  40  cases  reported  by  Barker 
operated  upon  in  this  way  gives  a  mortality  of  12.5  per  cent.  Bill- 
ith's  clinic  gives  a  mortality  of  10. 1  per  cent,  in  148  cases.  This 
ortality  is  a  marked  diminution  from  that  in  his  earlier  cases, 
which  at  one  time  was  as  high  as  25  per  cent. 

The  results  of  treatment  in  this  disease  cannot  be  said  to  be 
encouraging.  In  the  series  of  148  cases  just  alluded  to  there  were 
only  10  cases  that  remained  well  at  periods  varying  from  fourteen 
months  to  eight  years.  On  an  average  the  patients  died  one  year 
iter  the  operation  from  a  return  of  the  disease.  In  38  cases  in 
hich  reports  were  obtained  by  Kocher  it  was  found  that  the  dis- 
ease had  returned  in  25.  The  earliest  return  appeared  within 
seven  months,  and  in  one  case  the  disease  did  not  appear  until  ten 
years  after  the  operation.  In  the  13  cases  in  which  there  was  no 
return  reported,  5  were  found  well  at  the  end  of  seven,  eight,  ten, 
d  twelve  years,   respectively.     In  Barker's  sei\es>  oi  1*10  task's* 
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there  were  less  than  five  who  were  well  three  years  after  the  ope- 
ration; and  in  Butlin's  70  eases  there  were  but  6  cases  of  cure  ooi 
the  three-years'  limit.  Richardson  obtained  13  answers  from  sc* 
cases  operated  upon  at  the  Massachusetts  General  Hospital.  Cy 
these  cases  n  were  dead,  and  of  the  2  living  cases  it  is  unce 
whether  one  of  them  was  cancer. 

It  will  be  seen  that  the  best  results  thus  far  reported  b 
obtained   after    Kocher's   operation.      The   very   small   percent&pJ 
of  permanent  cures  reported  by  nearly  all  surgeons  may  in  part  £ 
accounted  for  by  the  imperfect  nature  of  the  method  of  operating 
employed.    Few  surgeons  are  content  at  the  present  time  to  remove 
the  breast  without  a  dissection  of  the  axilla,  but  the  number  0/ 
those  who  attempt  a  dissection  of  the  strategic  points  in  the  neck 
in  cancer  of  the  tongue  is  yet  small.     In  the  writer's  opinion  the 
whole  neighborhood    of  the   infected  region   should   care!".: 
explored  for  disease,  and  in  a  majority  of  cases  it   is  a 
perform  temporary  section  of  the  jaw  in  order  to  expose  thorough!* 
the  seat  of  the  trouble.     It  is  only  by  such  radical  measui 
it  can  be  hoped  to  reduce  the  fearful  mortality  of  cancer  of  the 
tongue. 


5,  Carcinoma  of  thk  (Esopha<; 
Carcinoma  is  one  of  the  most  frequent  forms  of  disease  of  the 
oesophagus.     It  belongs  to  the  pavement-epithelium  type  of  car- 
cinoma,  and  on  microscopic  examination  epidermic  ball 
here  and  there  among  the  clusters  of  epithelial  cells.     It  d 
from   the  epithelium  of  the  mucous  membrane  or   from    tfa 
of  the  mucous  glands.     Colloid  cancer  of  the  oesophag- 
be  extremely  rare.     Butlin  refers  to  a  scirrhous  type-  in  whi 
progress  of  the  disease  is  unusually  slow,    .The  disease  is  said  to 
occur  oftener  in  men  than  in  women,  although  the  writer  has  seta 
it  in  about  an  equal  number  of  each  sex.    Of  510  cases  analyzed  by 
Newman,  108  were  women  and  402  were  men.     It  is  most  frequent- 
ly found  in  persons  over  forty  years  of  age.     Mackenzie  in 
of  100  cases  found  92  in  which  the  patients  were  over  the  age  of 
forty.     The  seat  of  the  disease  varies  greatly.     Rindfleisch  place* 
it  in  the  middle  third  of  the  oesophagus,  particularly  at  the  pout 
where  the  left  bronchus  crosses  the  oesophagus.     Mackenzie  found 
the  disease  in  more  than  half  the  cases  in  the  upper  hall 
oesophagus.     Petri  and  Zenker,  however,  found  63.8  peT  cent,  of 
the  cases  in  the  lower  third.     Newman  states  that  the  con 
spot  in  his  experience  \s  behind  the  cricoid  cartilage.     Thf 


found  it  usually  below  the  level  of  the  cricoid  cartilage  or  on  a 
level  with  the  tipper  edge  of  the  sternum:  in  one  case  he  saw  it  at 
the  junction  of  the  pharynx  and  oesophagus.  The  disease  usually 
encircles  the  tube  and  causes  a  firm  constriction.  When  the  oesoph- 
agus is  laid  open  the  disease  appears  as  an  ulcer  with  elevated  and 
everted  edges.  The  width  of  the  carcinomatous  ring  varies  from 
2  to  S  cm,,   but  it  may  rarely  be  much  more  extensive. 

As  the  disease  progresses  the  ulceration  becomes  more  extensive, 
and  perforation  may  take  place  into  the  trachea  or  the  bronchi,  the 
posterior  mediastinum,  the  pleura,  the  pericardium,  or  the  blood- 
cls.  Perforation  of  the  trachea  is  a  not  infrequent  complica- 
tion, and  it  can  be  recognized  by  the  presence  of  a  inuco-purulent 
expectoration  containing  particles  of  food.  The  growth  may  press 
upon  the  recurrent  laryngeal  and  pneuuiogastric  nerves.  Meta- 
static deposits  are  found  in  the  adjacent  lymphatic  glands,  and  not 
infrequently  in  the  lungs,   the  liver,  and  the  kidneys. 

The  Jirsi  symptom  of  the  disease  is,  in  the  majority  of  cases, 
difficulty  in  swallowing.  On  questioning  the  patient  a  history7  of 
loss  of  flesh  during  the  previous  six  months  may  usually  be  ob- 
tained. As  the  disease  progresses  a  tumor  can  be  felt  in  the  region 
of  the  neck  or  the  cervical  glands  are  perceptibly  enlarged.  The 
presence  of  a  cough  shows  that  the  disease  has  begun  to  infringe 

I  upon  or  to  involve  the  tracheal  wall.     The  passage  of  a  bougie 
will  usually  settle  the   diagnosis,   for  strictures    from  any  other 
source  except  from  swallowing  corrosive  liquids  are  extremely  rare. 
The  treatment  of  cancerous  strictures  formerly  consisted  in  the 
frequent  passage  of  bougies,  but  this  method  is  liable  to  be  fol- 
lowed by  perforation  of  the  softened  tissue,     Symonds  devised  a 
method  of  oesophageal  tubage  which  is  far  superior.      Symonds' 
tubes  are  about  4  inches  in  length,  and  have  a  funnel-shaped  open- 
which  permits  them  to  be  introduced  and  left  in  the  stricture;  a 
ligature  attached  to  the  end  of  the  tube  emerges  from  the  mouth 
and  is  fastened  to  the  ear.     Mixter  devised  an  ingenious  method 
of  sounding  the  narrow  strictures  and  of  dilating  them,  and  he  lias 
improved    Symonds1    method   of   introducing   the   tubes.     These 
tubes  can   be  worn  for  several  days  at  a  time  with  great  comfort. 
This  method  supersedes  largely  the  formation  of  a  gastric  fistula. 
Gastrostomy,    as    originally    performed,    established    a    fistula 
through  which   the  patient  could  easily  be  fed.     The  operation 
provided  no  means  of  preventing  the  escape  of  the  contents  of  the 
stomach  through  the  fistulous  opening.     The  cough  with  which 
patients  in   the  advanced   stage  of  cancer  of  the  oesophagus  are 
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afflicted  often  favors  leakage  through   the  fistula.     Several  ope- 
rations  have  been  devised  to  overcome  this  difficulty.    Von  H. 
makes  the  fistula  through  the  left  rectus  muscle,  so  as  to  secure  a 
sphiiicteric  action  from  the  tonic  contraction  of  its  fibres  around 
the  extruded  portion  of  the  stomach-wall.     Witzel  aims  to  combing 
a  sphincter-like  action  of  the  muscles  of  the  abdominal  wall  wi^ 
a  valvular  fistula.     The  fistula  passes  through  both  the  rectus  a^ 
the  trausversalis  muscles,  whose  fibres,  running  at  right  am/, 
each  other,  may  be  expected  to  contract  still  more  efficiently  I 
the  rectus  muscle  alone.     The  second  feature  of  this  operation  j 
the  unfolding  of  a  tube  in  the  wall  of  the  stomach,  which  is  stitefc^ 
over  the  tube  so  as  to  form  an  oblique  canal.     This  method  is 
efficiently  to  overcome  the  tendency  to  leakage  from  the  stomach 
A   third  method,  described  by  Meyer  as   the  Ssabanejew-Frank 
method,  consists  in  drawing  out  a  loop  or  cone  on   the  stomach- 
wall  through  the  ordinary  oblique  incision,  and  passing  it  under  a 
bridge  of  skin  to  a  poiut  above  the  border  of  the  ribs,  win 
fastened  and  opened.     This  operation  has  not  as  yet  had  an  exten- 
sive trial,  but  Meyer,  in  a  review  of  these  various  methods,  looks 
upon  it  as  the  coming  operation  in  cases  of  malignant  oesophageal 
stenosis.     The  writer  has  succeeded  in  establishing  a  gastric  fistula 
with  perfect  valvular  action  on  a  dog  by  the  following  orx 
A  fold  of  the  anterior  wall  of  the  stomach   is  pinched  B 
stitched  one  and  a  half  inches  higher  up  on  the  surface  of  the 
organ.     If  an  incision  is  made  into  the  stomach  just  below  the  line 
of  suture,  a  double  fold  of  mucous  membrane  will  be  found  hang- 
ing over  the  inner  opening  of  the  cut.     In  the  stomach  oi 
St.  Martin  a  similar  fold  of  mucous  membrane  covered  the  internal 
orifice  of  the  fistula.     According  to  Knie,  the  average  dun' 
life  in  thirty-five  cases  successfully  operated  upon  was  one  Iron* 
dred  and  twenty-five  days.      Tracheotomy  may  be  neces^ 
account  of  oedema  of  the  larynx  or  pressure  upon  the  recurrent 
laryngeal    nerve.      ("Esophagectomy   was   performed    in    i- 
Czerny  for  a  small  growth  in  the  oesophagus,  the  lower  segment 
of  which  was  united   to  the  external  wound.     Ashurst  collected 
twelve  cases  of  esophagectomy  with  eight  deaths.     If  the  growth 
could  be  discovered  early  enough,  such  an  operation  might  be  coo* 
templated  with  a  view  to  a  radical  cure  of  the  disease. 

6.   Carcinoma  of  the  Larynx. 
Cancer  of  the  larynx  appears  usually  as  a  pavement-cell  i 
rarely  an  encephaloid   or  a  scirrhous  form   exi- 


norna; 


larynx.  Cancers  of  this  region  are  divided  into  intrinsic  and 
f'X/rinsic.  Intrinsic  cancer  includes  growths  originating  from  the 
vocal  cords,  the  ventricular  bauds,  and  the  ventricles.  Extrinsic 
cancer  is  situated  upon  the  epiglottis,  the  ary-epiglottic  folds,  and 
the  interarytenoid  region. 

i  Cancer  of  the  larynx  is  a  disease  of  advanced  life,  50  per  cent, 
of  the  cases  occurring  between  the  ages  of  fifty  and  seventy.  Males 
ate  more  liable  to  the  disease  than  females.  The  abuse  of  tobacco 
and  strong  alcoholic  drink,  prolonged  residence  in  humid,  cold 
climates,  as  well  as  respiration  of  gases  or  of  vapors  of  an  irri- 
tating nature,  are  predisposing  causes  (Morgan). 

Intrinsic  cancer  has  at  first  the  appearance  of  a  wart-like 
growth  taking  its  origin  somewhere  in  the  middle  or  the  upper 
portion  of  the  larynx,  from  the  vocal  cords,  or  the  margin  of 
the  ventricle.  Ulceration  takes  place  at  an  early  period,  and  it 
infiltrates  the  surrounding  parts,  involving  the  cartilages  and 
eventually  spreading  beyond  the  limits  of  the  organ.  The  lym- 
phatics are  infected  ultimately,  but  only  to  a  limited  extent 
Metastatic  deposits  are  probably  exceedingly  rare,  as  death  oc- 
curs in  the  majority  of  cases  from  changes  produced  by  the  local 
conditions. 

Extrinsic  cancer  originates  in  the  epiglottis  or  the  ary-epiglottic 
folds  or  any  where  on  the  upper  margin  of  the  larynx.  From  this 
point  it  spreads  to  the  surrounding  parts,  and  it  may  involve  the 
pharynx,  the  tongue,  the  tonsils,  and  the  palate.  The  lymphatic 
glands  are  infected  early  in  the  disease. 

The  earliest  symptom  of  this  disease  is  hoarseness;  later  there 
may  be  difficulty  of  breathing  and  of  swallowing.  Pain,  which  at 
first  is  dull,  may  later  be  of  a  sharp,  cutting  character,  and  it  extends 
to  the  ear,  cheek,  and  neck  of  the  affected  side.  There  is  cough, 
with  a  more  or  less  foul,  purulent  expectoration. 

An  early  diagnosis  of  the  disease  is  of  the  greatest  importance, 
fur  there  may  be  sarcoma  as  well  as  cancer  in  the  larynx,  in  addi- 
tion to  the  many  benign  forms  of  growth,  and  tubercular  and  syphi- 
litic ulceration  may  exist  within  the  larynx.  The  removal  of  a 
fragment  for  microscopical  examination  should,  according  to  New- 
man, not  be  done  until  it  is  decided  to  operate  immediately  if  the 
growth  prove  to  be  carcinoma,  as  the  growth  often  becomes  more 
malignant  after  such  an  operation. 

The  prognosis  is  unfavorable  in  all  forms  of  cancer  of  the  larynx, 
but  it  is  much  worse  in  extrinsic  cancer.  In  intrinsic  cancer  the 
disease  progresses  slowly  and  death  may  not  occur  for  several  years. 


In  121  cases  compiled  by  Newman  mere  were  41  deat 
tality  of  33.88  per  cent.     In  55  partial  extirpations  t 
deaths,  or  a  mortality  of  29.09  per  cent.     The  results 
in  cases  of  intrinsic  cancer  show  that  after  total  extirj 
larynx  16  per  cent,  of  the  cases  remained  well  at  the 
years,  and  in  partial  extirpation  the  percentage  of  case- 
can  cer  remaining  well  after  three  years  was  17.40. 
of  operations  is  now  exceedingly  large,  and  many  ha 
formed   in   America.      In   careful ly-selected    cases,    s 
recently  reported  by  Monks,  where  the  disease  was  co 
vocal  cord  and  the  patient  remained  well  in  active  w 
months  after  the  operation,  it  is  reasonable  to  hope  t 
nent  cure  may  be  effected. 

7.  Carcinoma  of  the  Stomach. 

Cancer  of  the  stomach  is  one  of  the  commonest  I'm 
noma.  It  takes  its  origin  from  the  cells  of  the  gastric 
as  the  disease  develops  it  perforates  the  muscular  lay 
spreads  rapidly.  The  commonest  variety  isthecyli: 
which  may  appear  both  as  a  medullary  and  as  a  scii 
and  colloid  cancer  is  also  occasionally  seen.  The  dis 
men  slightly  oftener  than  women.  It  is  rarely  seen  fcx 
of  thirty,  three-fourths  of  all  cases  occurring  between 
forty  and  seventy.  The  most  frequent  seat  of  the  dise 
pyloric  orifice.  Welch  analyzed  the  reports  of  13a 
found  the  pyloric  region  the  seat  of  the  disease  in  6c 


lptoms  of  dyspepsia^  vomiting,  the  development  of  a  percepti- 
ble tumor,  and  emaciation. 

The  disease  may  be  regarded  as  incurable,  but  attempts  have 
been  made  during  the  last  decade  to  remove  the  growth  by  resec- 
tion of  the  pylorus.     Billroth,   the  originator  of  this  operation, 
reports  29  operations  with  16  deaths.     Of  the  13  who  survived  the 
operation,   5  died  within  ten  months  after  the  operation;  2  lived 
0-ver  one  year;  1  lived  one  and  a  half  years;  1  lived  two  and  a  half 
years;    and     r    lived   five   and    a   quarter   years.     Only   2  patients 
remained  well  at  the  time  of  the  report,  but  in  1  the  operation  had 
fc>een  performed  only   four  and   a  half  months  before,  and  in  the 
other  two  and  a  half  months  before.     The  total  number  of  cases 
reported  at  the  Berlin  Congress  was  56,  with  a  mortality  of  48.2 
per  cent.     Among  the  most  recent  reports  are  those  of  Czeruy, 
^v ho  gives  12  operations  with  5  deaths:  2  were  living  in  complete 
health  fifteen  and  twenty-six  months  after  the  operation.    The  other 
c   died  two,  seven,  ten,  fifteen,  and  eighteen  months,  respectively^ 
after  the  operation,  with  symptoms  of  a  return  of  the  disease. 

8.   Carcinoma  of  the  Intestines. 

Carcinoma  <>/  the  Intestines.  — The  most  frequent  seats  of  car- 
cinoma of  the  intestines  are  at  the  ileo-eaecal  valve,  the  descend - 
colon,  and  the  sigmoid  flexure.     Cancer  may,  however,  occa- 
1  illy  be  seen  in  the  small  intestine.     Of  37  cases  collected  by 
Butlin,  32  were  in  the  large  intestine  and  3  in  the  small  intestine, 
the  seat  of  2  being  uncertain.     In  4  cases  the  disease  was  in  the 
ascending   colon;    in   3,    in   the    transverse   colon;    in   7,    in   the 
descending  colon;  and  in  9,  in   the  sigmoid  flexure.     The  variety 
usually  seen  is  the  cylinder-cell  carcinoma,  which  may  at  times 
assume  the  medullary  or  the  scirrhous  type.      Colloid  cancer  is  also 
found  in   this  locality.      Ulceration   begins  early,  and  cicatricial 
contraction  accompanies  it,  so  that  the  disease  may  appear  as  a 
uarrow   fibrous   stricture   with    little    if  any  new   formation.     At 
other  times  considerable  length  of  the  bowel  may  be  affected.     As 
the  disease  progresses   the   muscular  coat   is  perforated  and   the 
peritoneal  coat  becomes  infiltrated.     As  a  result  of  this  infection, 
adhesions  occur  to  adjacent  peritoneal  surfaces,  and  the  diseased  gut 
becomes  so  bound  down  that  an  operation  for  resection  or  one  for 
intestinal  anastomosis  is  rendered  exceedingly  difficult:  sometimes 
it  is  impossible  to  perform  either  operation.     Death  occurs  usually 
3*  the  result  of  chronic  obstruction  of  the  bowels.     According  to 
Butlin,  the  duration  of  the  disease  is  short.     From  the  be^mniucr 
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of  the  symptoms  to  the  time  of  death  the  period  varies  from  six  _j 
to  eighteen  months.  The  disease  attacks  males  and  females  about* 
equally.     It  occurs  generally  after  the  age  of  forty  years. 

Operative  statist  its  collected  by  Weir  and   Butlin  show  a  higfr% 
mortality.      In  37  patients  reported  by  Butlin  on  whom  the  open^^. 
tion   was  performed,    18    died   shortly   afterward.      In   only  oct^ 
instance  among  those    who   survived    the   operation   was   there 
patient  still  well  at  the  end  of  a  year.     Czerny  reports  10  cases  ~m_^ 
resection  for  malignant  growths — 4  at  the  csecum,  2  at  the  sft  , 
moid  flexure,  3  in  the  transverse  colon,  and  1  in  the  descendi  -^,'. 
colon.     In  3  cases  an  adjacent  coil  of  intestine  was  involved  £ 
was  a  medullary  cancer,    1   was  a  papillary  growth,    and  4   w^*.r 
adeno-carcinomata;  of  the  latter  four,  3  were  of  the  scirrhous  t>  -j  K, 
3  were  cases  of  colloid  cancer,  and  1  case  proved  to  be  an  alvec*7a 
sarcoma  which  appeared  five  years  after  the  removal  of  an  ova; 
sarcoma.     This  patient  remained  well  six  years  after  the  resect  y0r 
of  the  intestine.     Of  the  cases,  5  recovered  from  the  operation  ^^  j 
5  died.     Of  the  five  recoveries,  1  died  six  months  afterward  fro*-,, 
local  recurrence,  and  4  were  alive  six,  fifteen,  nineteen  months,  at  *  4 
six  years  respectively  after  the  operation.     Of  the  patients,  6  v.. 
women  and  4  were  men.     The  men  all  died  from  the  effects  cz»f 
the   operation.     The   average    age   was   forty-five    years.     Gterr-my 
regards  the  most   favorable  cases  for  operation  those  of  the  sci    :• 
rhous  type,  which  cause  stricture  early  and  thus  lead  to  operational. 

9.  Carcinoma  of  the  Rectum. 

Carcinoma  when  found  at   the  anus  is  of  the  pavemeut-ce- 
variety,  and  when  growing  from  the  mucous  membrane  it  appea_:»3 
as  a  cylinder-cell  carcinoma.     There  are,  therefore,  in  this  loealint  v 
both  types  of  the  so-called   "epithelioma."      The  pavement-cell 
form,  which   takes  its  origin   in  the  cutaneous  coverings  of  tl-me 
anus,   begins  as  a  warty  or  papillary  growth   that  breaks  doi 
early  and  ulcerates.     It  is  not  unlike  cancer  of  the  lip  in  its  carl  y 
stages.     The  surrounding  parts  are  more  or  less  hard  and  in 
trated,  and  the  edges  of  the  ulcer  are  elevated  and  sharply  denne-«3. 
The  growth  spreads  inward  and  involves  the  mucous  niembran*<, 
and  it  invades  also  the  external  integument,  involving  the  p 
neum  or  the  commissure  of  the  vagina  and  the  labia  in  womc-**- 

The  cylinder-cell  carcinoma  (Fig.  98),  which  develops  from  I'M 
follicles  of  Lieberkuhn,  begins  as  a  more  or  less  exuberant  giowt  3i. 
which  soon  breaks  down   and  develops  into   a  crateriform  ulc~ 
involving  more  or  less  of  the  circumference  of  the  bowel.    T 
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growth  is  found  some  little  distance  within  the  rectum,  and  it  is 
often  difficult  for  the  exploring  finger  to  reach  its  upper  margin. 


Fig.  98. — Cancer  of  the  Rectum  {oc.  3.  obj.  A.). 


The  cells  are  arranged  in  acini,  and  they  have  a  strikingly  glandu- 
lar appearance,  closely  resembling  that  seen  in  cancer  of  the  uterus 
(Pig.  99).    It  is  therefore  often  called  ' l  adeno-carcinoma  n  or  malig- 
nant adenoma.    This  is  the  common- 
est variety  of  cancer  of  the  rectum. 

Cancer  occurs  also  in  the  medul- 
lary* form,  but  more  rarely.  It  is 
exceedingly  malignant,  and  it  soon 
infiltrates  the  walls  of  the  rectum, 
converting  the  latter  into  a  rigid 
tube  and  gluing  it  to  surrounding 
parts.  Scirrhous  cancer  is  said  to 
occur  high  up  near  the  sigmoid  flex- 
ure or  in  the  neighborhood  of  the 
prostate.  It  infiltrates  the  submu- 
cous tissues,  and  the  mucous  mem- 
brane over  it  for  a  time  appears 
healthy.  It  grows  slowly  and  causes 
annular  stricture,  or  it  is  felt  as  a 
hard  nodule  in  the  wall  of  the  rectum.  Colloid  cancer  appears 
as  a  diffuse  infiltration  of  the  mucous  membrane  that  spreads  to 
the  deeper  parts.  It  is,  however,  a  rare  form  of  cancer  in  this 
region.     Villous  cancer  is  occasionally  also  seen. 


Fig.  99. — Cancer    of    the   Rectum, 
showing  cylinder-cells  (oc.  3  obj.  D). 


come  involved  there  is  great  destruction  of  tissue; 
consequently  takes  place,  and  a  long,  narrow  strictun 
walls  of  which  are  made  up  of  the  cancerous  grow 
female  the  vagina  and  the  uterus  become  attached  to 
and  in  the  male  the  prostate  and  the  bladder  are  inv 
growth  may  extend  also  to  the  sacrum.  As  the  w 
cent  organs  give  way  before  the  advance  of  the  disease 
established  and  faeces  may  be  discharged  in  the  urine  a 
flow  into  the  rectum. 

Cancer  of  the  rectum  remains  for  some  time  a  locali 
In  47  autopsies  reported  by  Iversen  there  were  no  meta 
After  a  certain  period  of  time  the  lymphatic  glands 
rectal  fat  become  enlarged,  and  the  infection  spread: 
pelvis  into  the  abdominal  glands.  When  the  disease 
near  the  anus  the  glands  of  the  groin  may  become  in' 
according  to  Czeray,  this  form  of  cancer  is  much  im 
recur  after  operation. 

The  duration  of  the  disease  is  seldom   more  than 
although  instances  have  been   recorded   in  which  tin 
have  existed  for  as  man)'  as  five  or  six  years.      Patient 
die,  however,  within  a  few  weeks  or  months  of  the 
ance  of  the  symptoms  of  rectal  affection  (Riitlin). 

The  early  symptoms  of  the  disease  are  often  mistak 
orrhoids.  The  breaking  down  of  the  new  growth  gr 
bloody  or  muco- purulent  discharge  which  is  mistake 
rhoea.  Later,  the  constriction  causes  apparent  consti] 
intercurrent  loose  discharges  or  tape-like   stools.      Ac 
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partly  by  the  septic  absorption  from  the  bowel  and  the  secondary 
affection  of  other  organs. 

The  operation  that  was  formerly  employed  for  a  radical  cure  of 
tlie disease  was  known  as  the  ll  Lisfranc"  operation,  and  it  consisted 
in  an  excision  of  the  bowel  from  below.     Statistics  compiled  up  to 
i#8i  show  a  high  mortality,  varying  from  31  to  58  per  cent,  in  the 
lands  of  different  surgeons.     During  the  next  ten  years  the  im- 
proved methods  produced  a  considerable  reduction  in  the  death- 
rate.     Thorndike  estimates  the  mortality  of  the  operations  of  vari- 
ous kinds  done  during  this  period  in  a  selected  series  as  low  as  16. 1 
per  cent.    Butlin  collected  100  cases,  including  part  of  both  periods, 
with  a  mortality  of  35  per  cent.     Of  the  65  patients  who  survived 
he  operation,  all  were  not  subsequently  heard  from,  but  13  cases 
were  reported  alive  and  well  for  at  least  two  years  after  the  opera- 
on.      Iversen  in  an  analysis  of  247  cases  of  all  kinds  of  operations 
otiiid  in  70  patients  who  survived  the   operation   (but  who  died 
ubsequeutly)  that  there  was  a  local  recurrence  in  42,  and  in  32 
ases   that  were   still  living  there   were  6  with   local  recurrence 
f    the  disease. 

Kraske\s  method  was  first  described  in  18S5:  it  consists  in  a  pos- 

erior  incision  with  resection  of  the  coccyx  and  a  portion  of  the 

acmm.     There  are  other  operations  of  a  similar  nature,  but  dif- 

ering  in  the  amount  of  bone  resected.     This  operation,  although 

is  more  severe  than  the  earlier  method,  does  not  appear  to  be 

uch  more  dangerous.     A  collection  of  102  cases  operated  upon 

this  way  gives  a  mortality  of  21.5  per  cent.,  though  Thorndike's 

ol lection  of  cases  gives  a  mortality  of  only  14.7  per  cent. 

It  is  early  yet  to  determine  the  merits  of  the  modem  operation 

a  curative  measure.     Arnd,  in  a  collection  of  98  cases  operated 

apon   by   various  methods,   reported  24   u cures"    (time-limit   not 

stated),  and  of  these  he  found  15  had  been  operated  .upon  by  the 

lodern  method.      Of  39  cases  operated  upon  by  Albert,  3  were 

veil  one  year  after  operation,   2  were  well  two  years  after  ope- 

ation,  1  had  passed  the  three-year  limit,  and  1  was  well  four  years 

iter  operation. 

The   number  of  cures  by  any  method   is  not  yet  known   to  be 

;e.     The  disease  is,  however,  in  many  cases  exceedingly  slow 

its  course,  and   if  cases  are  carefully   selected  for  operation    it 

ms  probable  that  the  future  will  show  an  increased  percentage 


indeed  difficult  to  determine,  and  even  those  careinomat 
more  posteriorly  at  the  base  of  the  bladder  are  uncertah 
origin,  as  the  middle  lobe  of  the  prostate  may  have  prol 
extending  some  distance  into  the  walls  of  the  bladder, 
disease  may  be  found  to  spring  from  these  glandular  hoc 
a  case  reported  by  Marchand.  The  epithelium  of  the  ac 
prostate  is  a  short  cylinder-epithelium,  and  in  the  dee 
spongy  portions  of  the  prostate  it  is  cubical.  A  small-i 
noma  with  a  glandular  arrangement  of  the  cells  in  the 
strongly  suggestive  of  prostatic  origin.  There  are,  howe^ 
of  carcinoma  that  spring  from  the  bladder-wall  directly, 
Klebs  claims  that  such  do  not  exist.  Bode  found  that  ir 
of  cancer  of  the  bladder  14  were  in  women. 

Orth  describes  the  villous  cancer  as  the  common* 
There  may  be  a  benign  papilloma  appearing  as  a  villoi 
and  also  a  villous  cancer.  In  the  papilloma  are  found 
fimbriated  processes  composed  of  a  connective  tissue  in  v 
blood-vessels  covered  by  several  layers  of  columnar  cells 
villous  cancer  are  found  similar  villi*  and  in  the  base  of  I 
at  the  point  of  origin  of  the  broad  villi  and  also  in  tht 
wall  are  found  alveoli  containing  cancer-cells.  The  villi 
ever,  as  Kiister  shows,  merely  an  accidental  feature 
growths,  and  indicate  nothing  as  to  the  microscopical  cha 
the  tumor. 

Cancers  of  the  bladder-wall  spring  from  the  deeper  lay 
epithelium  and  rarely  from  the  epithelium  of  the  mucot 

The  commonest    form  of  cancer  of  the  bladder,   ace 


or  epidermic  balls  may  be  found.     Colloid  cancer  may  also  occur 

Jiere.      This  condition  may  involve  the  whole  or  only  a  part  of 

the  growth.     All  these  varieties  appear  as  rounded,  more  or  less 

flattened  elevations  in  the  mucous  membrane.      The  membrane 

may  run   smoothly  over  the  growth,   or  it  may  be  infiltrated,  or, 

finally,  papillary  growths  may  develop  on  the  surface  of  the  tumor. 

»^V  papilloma  may  precede  the  development  of  a  cancer  for  several 
years,  and  Krister  suggests  that  the  irritation  produced  by  the  pull 
of  the  tumor  upon  the  mucous  membrane  during  urination  may  be 
a  source  of  irritation  which  gives  rise  to  the  cancerous  growth. 
The  conditions  resemble  those  in  the  skin  where  warty  growths 
precede  epithelioma. 

As  the  cancer  grows  ulceration  takes  place,  and  the  villi,  if 
present,  disappear.  The  growth  penetrates  the  muscular  wall, 
which  becomes  thickened,  and  it  finally  reaches  the  peritoneum, 
causing  the  bladder  to  become  adherent  to  adjacent  organs,  some 
of  which  may  eventually  become  involved  in  the  disease.  There 
is  a  remarkable  tendency,  however,  of  these  carcinomata  to  remain 
local;  which  fact  Watson  attributes  to  the  lack  of  connection  of 
tlie  larger  lymphatic  channels  with  the  mucous  membrane.  The 
inguinal  glands  may  occasionally  be  infected.  The  lungs  and  the 
pleura  are  the  most  frequent  seats  of  metastatic  deposits.  As  the 
carcinoma  breaks  down  and  ulcerates,  the  urine  may  become 
exceedingly  foul,  and  be  mixed  with  blood,  bacteria,  and  frag- 
ments of  tissue.  As  a  result  of  the  irritation  thus  produced  the 
kidneys  become  diseased,  and  patients  affected  with  this  disease 
are  said  to  die  most  frequently  of  pyelitis.  Secondary  cancer  of 
the  bladder  has  been  observed,  although  it  is  extremely  rare.  In 
a  case  reported  by  Target t  the  disease  was  found  in  the  muscular 
layer. 

The  most  characteristic  and  commonest  symptom  of  bladder- 
tumors  is  hematuria.  The  symptoms  of  catarrhal  inflamma- 
tion come  later,  and  a  microscopical  examination  may  lead  to  a 
di agnosis  of  the  disease.  Pain  is  not  always  present,  but  at  times 
tli^  emptying  of  the  bladder  is  accompanied  by  severe  cramp.  At 
first  there  is  slight  constitutional  disturbance,  but  as  the  disease 
progresses  there  may  be  emaciation,  and  later  symptoms  of  cachexia 
or      of  kidney  complications  may  arise. 

The  course  of  the  disease  in  isolated  cases  may  be  extraordi- 
narily slow.  Budor  reports  one  case  in  which  the  patient  died 
(WtLLLly-fbUf  years  after  the  first  symptoms,  and  Guyon  reports  a 
case  of  eighteen  years*   duration. 
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The  operative  treatment  of  cancer  of  the  bladder  c  .  ^ 

suprapubic  or  perineal  cystotomy,  with  curetting  and  cautery 
the  growth,  which  is  of  course  but  a  palliative  measure,  or  in 
attempt  to  perform  a  radical  cure.     The  operation  devised  for 
purpose  consists  in  excision  of  a  portion  of  the  bladder- wall  or 
extirpation  of  the  bladder.     Marsh  mentions  five  cases  of  resecti     ^ 
of  a  portion  of  the  bladder-wall.     Of  these  cases,  fcwi 
be  said   to  have  recovered  from  the  effects  of  the-  operation,  (i*  n 
living  twelve  months  and  one  living  four  years.     Marsh  alsoac^dj 
a  sixth  case  of  his  own,  which  was  fatal.     These  results  shovtr  4 
mortality  of  66  per  cent.,   and  not  one  radical  cure. 

Extirpation  of  the  bladder  has  been  performed  in   four  ca<^^~ 
according  to  Watson,  with   three  recoveries,  but  it  does  not  apj>^ 
that  the  operation  was  performed  for  cancer. 

In  a  collection  of  eight  cases  made  by  Stone,  four  were  found 
have  died  of  the  operation,  giving  a  mortality  of  50  per  cent,     f  | 
case,  in  which  two-thirds  of  the  bladder  was  removed,  lived  otl 
month,  dying  of  u  asthma. '*      In  another  case,  in  which  011   ■■' 
of  the  bladder  was  removed,  the  wound  healed  in  fifty-five  dn 
Recurrence  of  the  disease  took   place   in  six  months,  the  pad: 
dying  at  the  end  of  a  year.     One  patient  lived  four  years,  tt-»e 
disease  reappearing  two  years  after  the  operation.    Fen  wick  rep 
nine  cases  of  operation  by  twisting  with  forceps  and  cutting  wi«_ 
scissors.     In  one  case  the  disease  returned  in  three  months  and  tr~   ^ 
patient  died.     In  one  case  the  growth  was  removed  a  second  tim^  ■*■» 
and  in  another  two  subsequent  operations  were  performed      liikt^^^1 
operated  upon  a  woman  through  the  vagina,  cutting  out  thf  -** 

with  scissors.     Three  months  later  the  patient  left  the  bosp  *Q 

good  condition. 

11.  Carcinoma  of  thk  Kidney. 

The  commonest  form  of  cancer  of  the  kidney  is  the  medullar 
scirrhous  cancer  is  also  seen,  but  less  frequently.     Colloid  cane 
at  the  kidney  is  rare.     The  disease   is  most  frequently  seen  afte 
middle  life,  but  it  is  found  also  in  very  young  children,  and  a  fe^" 
cases  of  congenital  cancer  of  the  kidney  have  been  reported.    Ther^ 
disease  occurs  twice  or  three  times  as  often  in  men  as  in  womer^f 
Among  children  the  difference  in  sex  is  not  so  marked. 

Cancer  occurs  in  the  kidney  in  an  infiltrated  form  or  as  a  no 
ular  growth.      In   the  infiltrated    form  the  kidney   is  soniewh 
enlarged,  and  the  cortical  portion  is  found  thickened,  par 
at  certain  points  coiies^\&m^>N\V\\  wodular  enlargements  on  c 


urface.     These  points  are  not  sharply-defined  foci,  but  they  are 
caused  by  a  greater  development  of  the  disease  there.     They  have 

grayish  medullary  appearance  on  section.  Under  the  microscope 
he  cancer-cells  are  seen  crowding  the  uriniferous  tubules,  which 
kre  very  irregularly  distended.  The  cancer-cells  are  distinguished 
rom  the  normal  epithelium  by  their  large  vesicular  nucleus.  At 
orne  points  these  cells  can  be  seen  in  the  cortical  portions  of  the 
cidney,  and  it  is  probable  that  they  develop  from  the  epithelium 
>f  these  portions  of  the  organ  as  well  as  in   the  deeper  structures. 

The  nodular  cancer,  which  develops  as  a  distinct  nodule  often 
eparated  from  the  rest  of  the  kidney  by  a  capsule,  many  attain  a 
onsiderable  size.  The  remainder  of  the  kidney  in  such  cases  is 
attened  out  against  the  side  of  the  tumor.  The  tubules  may  be 
?en  in  the  diseased  portion,  but  they  are  much  elongated  and  con- 
ricted.  The  cortical  portion  of  the  kidney  is  often  seen  still 
irtially  preserved  in  the  periphery  of  the  tumor. 

These  large  tumors  undergo  many  retrograde  changes,  such  as 
tty  degeneration  and  necrosis;  also  cystic  degeneration,  and  occa- 
onally  calcification.  They  are  often  separated  into  lobules  by 
x*ad  bands  of  fibrous  tissue.  The  trabecular  which  surround  the 
veoli  are  often  very  delicate,  and  they  seem  to  consist  almost 
lely  of  blood-vessels.  Such  growths  are  necessarily  highly  vas- 
ilar  (Orth).  There  is  occasionally  seen  adeno-carcinoma  of  the 
dney  strongly  resembling  adenoma,  and  this  form  may  assume 
e  villous  type. 

The  lymphatic  glands  behind  the  peritoneum  and  in  front  of 
e  spine  are  affected  early  in  the  disease.  The  results  of  opera- 
>ns  upon  the  kidney  for  cancer  are  not  encouraging.  In  fourteen 
ses  of  nephrectomy  compiled  by  Gross  the  operation  was  very 
tal,  giving  a  mortality  of  71.42  per  cent.  Death  was  caused 
tiler  by  uraemia,  by  shock,  or  by  peritonitis.  Of  the  four  survi- 
►rs,  two  died  of  secondary  growths  at  the  expiration,  respectively, 

forty-four  days  and  two  months,  and  the  remaining  two  were 
ive  at  the  end,  respectively,  of  two  months  and  thirteen  months. 
ross  regards  the  disease  as  one  which  should  be  excluded  from 
e  category  of  cases  for  which  nephrectomy  should  be  performed. 
3th  Butlin  and  Greig  Smith  speak  unfavorably  of  the  operation. 

Fenger  recently  reported  a  case  of  adeno-carcinoma  of  the  kid- 
ty  the  size  of  an  egg,  for  which  he  performed  lumbar  nephrec- 
•rny  successfully.     The  patient  was  alive   and  well  two  and  a 

Ef  years  after  operation.     Fenger  quotes  a  case  of  Israel  who 
gnosticated   a  carcinoma    the   size  of   a  clierry  an&  o^t^X^,, 
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obtaining   a   radical  cure;    that    is,  according    to   the    Uiree- 
limit. 

12.  Carcinoma  of  thk  Testicle. 

Carcinoma  testis  occurs  in  the  medullary  form  in  most  ca% 
Scirrhous  and  colloid  carcinomas  are  also  occasionally  seen.  In  j. 
case  has  the  disease  been  observed  before  the  age  of  twenty.  It*  ,, 
cases  collected  by  Kocher  it  was  found  in  29  between  the  ages  ^ 
twenty  and  forty.  In  about  one-fourth  of  the  cases  the  sau^e 
author  found  that  the  disease  followed  trauma.  The  caticer-c^Jk 
develop  first  in  the  convoluted  tubes  from  a  proliferation  of  {|,€ 
seminal  cells.  The  tubes  nearest  the  centre  of  the  organ  are  u*u. 
ally  the  first  affected,  the  upper  portion  of  the  testicle  remaining 
intact  or  being  involved  later  in  the  disease.  The  rete  is  also 
affected  secondarily. 

In  the  scirrhous  form  there  is  a  large  development  of  connect] 
tissue,  and  sometimes  of  hyaline  cartilage  and  bone.     On 
the  growth  appears  as  a  smooth  surface,  on  which  are  fibres  ru 
ning  in  various  directions  without  any  evidence  of  normal  tissii.   <<. 
Medullary  carcinoma  appears  as  a  grayish  nodular  tumor  ai  -mih 
a  slimy  surface.    The  tumor  may  often  be  quite  large,  and  t\: 
tain  many  foci  of  broken-down  tissue,  and  it  often  attains  a  la- 
in many  cases  of  cancer  of  the  testicle  there  are  a  large  numb" 
of  cysts  (cysto-carcinoma).    Secondary  growths  are  often  felt  in  ti 
iliac  fossa,  and  the  lymphatic  glands  are  enlarged  along  the  spin. 
sometimes  as  high  as  the  kidneys.     The  skin  of  the  scrotum  ms 
be  involved  in  many  cases.     Eventually  metastatic  deposits  occmjr 
in  the   liver  and   lungs,  and  witti  the  extension   of  the  disea-^sse 
cachexia  becomes  marked.      In  consequence  of  the  enlargement caf 
the  lymphatic  glands  pressure  may  take  place  upon  the  vena  ca  <afi 
and  the  feet  may  become  cedeuiatous.     The  duration  of  the  disease 
appears  to  be  about  two  years. 

Many  cases  of  permanent  cure  are  reported  after  removal  of  Llir 
testis,  but  it  is  in  most  of  the  cases  quite  uncertain  whether  the 
disease  was  cancer  or  sarcoma. 

Winiwarter  found  in  twelve  cases  only  one  in  which  there  w; 
no  return  of  the  disease  two  years  and  seven  months  after  the  ope- 
ration.     Kocher  reports  six  cases  in  which  a  reliable  microscopic 
examination  had  been  made.     Of  these  patients  all  were  ah 
well  at  periods  varying  from  one  to  ten  and  a  half 
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Of  the  few  methods  of  curing  cancer  by  medication  wliicli  lia\c 
been  brought,  forward  vtom  \\vwt  \»  time,,  there  axe  at  mc  which  have 


tood  the  test  of  practice.  In  view  of  the  interest  which  has  been 
aken  in  Koch's  method  of  treating  tuberculosis,  it  may  be  worth 
fc»hile  to  notice  a  similar  method  of  treating  cancer  that  has  been 
ecently  brought  to  notice  by  Adamkiewicz.  He  advances  peculiar 
iews  as  to  the  nature  of  cancer-cells,  regarding  them  all  as  pro- 
>zoa,  which,  though  they  resemble  epithelium,  are  not  epithelial 
»lls.  Implanted  into  the  brains  of  rabbits,  they  are  found  to  pos- 
iss  the  power  to  migrate  into  the  surrounding  tissues,  where  some 
f  them  are  destroyed  and  some  grow  and  form  new  foci  of  cancer- 
»ll&  He  also  found  that  when  fragments  of  cancer  are  thus 
nplanted  they  produce  an  inflammatory  reaction  which  does  not 
.ke  place  when  fragments  of  healthy  tissue  from  the  living  body 
■e  substituted.  If  the  fragments  of  cancer  are  dipped  for  a  few 
i nutes  in  a  3  per  cent,  solution  of  carbolic  acid  or  are  subjected 

the  action  of  boiling  water  for  one  or  two  seconds  before  inplan- 
tion,  no  inflammatory  reaction  takes  place.  Adamkiewicz  con- 
udes,  therefore,  that  there  is  a  toxic  property  in  the  cancer-cell, 
id  that  it  is  due  to  the  action  of  this  substance  that  the  healthy 
►sues  melt  away  before  the  advance  of  cancer. 

This  substance  he  calls  "  cancroin,"  and  he  obtains  it  in  solu- 
>n  by  treating  minute  fragments  of  cancer  (cut  up  finely)  with 
stilled  water.  The  mass  is  then  rubbed  up  in  a  mortar  and 
tered.  A  slightly  opalescent  and  alkaline  fluid  is  thus  obtained, 
ich  a  fluid,  if  injected  into  rabbits  subcutaneously,  is  found  to 
rt  as  a  deadly  poison.  Adamkiewicz  obtained  a  similar  substance 
3m  the  muscle  and  skin  of  fresh  cadavers  by  a  similar  method  of 
"eparation,  which  substance  was  found  to  resemble  closely  neurin. 
he  filtrate  obtained  from  a  watery  extract  of  fresh  cadaver  tissue 

a  clear  yellowish  fluid  of  alkaline  reaction  and  smelling  like 
kaline  urine. 

Cancroin  injected  subcutaneously  into  cancerous  growth  sets  up 
flainmatory  reaction,  and  it  gradually  produces  a  disappearance 

the  cancer.  Before  injection  this  alkaline  fluid  is  neutralized 
ith  citric  acid.  A  25  per  cent,  watery  solution  is  then  saturated 
ith  carbolic  acid  aud  is  diluted  with  an  equal  quantity  of  water, 
fiis  preparation  is  called  u  Concentration  I."     Concentration  II, 

diluted  to  one-half  the  strength,  and  Concentration  III.  is  diluted 
>  one-quarter  the  strength,  of  No.  I.  The  author  begins  with  a 
ibcutaneous  injection  of  No.  III.  at  some  point  not  too  remote 

ra  the  growth.     The  results  of  these  experiments  are  not  suffi- 
tly  encouraging  to  authorize  a  general  adoption  of  the  method, 

In  a  personal  communication  from  Adamkiewicz  to  t\«.  ^wvAsx 
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the  method,  he  nevertheless  regards  it  as  a: 
the  treatment  of  cancer. 

The  post-operative  treatment  of  cancer  is  now  regarded 
many  surgeons  as  a  feature  in  the  management  of  every  case 
which  an  operation  has  been  performed  for  malignant  disc^^ 
Among  the  drugs  most  frequently  used  for  this  purpose 
arsenic.  Wight  recommends  the  administration  of  the  bronrii^" 
of  arsenic  in  doses  of  from  4V  t0  tV  grain  after  meals,  and  jjJr 
carbonate  of  lime  before  meals  in  5-  to  10-gTain  doses  in  n-,f 
tincture  of  calumba.  Clemens*  solution  is  a  convenient  form  cz»f 
administering  the  bromide  of  arsenic.  It  may  be  given  in  dosses 
of  2  to  3  drops  three  times  a  day  after  meals.  Wight  advises  th  =yt 
its  use  should  be  continued  for  from  six  to  twelve  months.  J^Lw 
several  cases  of  inoperable  cancer  he  has  found  the  progress  of  [^zm 
disease  delayed  and  considerable  relief  to  pain. 

Roswell   Park  employs  arsenic  in  the  following 
which  contains  the  haloid  salts  of  mercury,  arsenic,  and  gold: 
is  administered  in  lo-minim  doses,  each  of  which  contains 
grain  of  bromide  of  arsenic,  ^  of  a  grain  of  bromide  of  gold,  a 
the  -j^-jj  of  a  grain  of  bichloride  of  mercury.     The  doses  may 
increased  up  to  the  physiological   limit,  and  the  use  of  the  d 
should  be  continued  for  months  after  the  operation.     It  may  al 
be  given  in  inoperable  cases.      (See  Appendix.) 

Pvoktauin  was  first  recommended  by  Mosetig-Moorhof.    lu  t  -1  a 
original  experiments  anilin  trichlorate  was  used,  btit  in  large  doses 
this  had  a  poisonous  effect.     Pyoktanin  possesses  the  advantage  of 
not  being  poisonous  to  the  system.      His  object  was  to  attack  thf 
nuclei  of  the   proliferating  cancer-cells,  and    then    to  arrest  the 
growth  of  the  tumor.      The  affinity  which  the  anilin  dyes  have  for 
nuclei  first  suggested  to  him  that  this  staining  proc-  I  be 

brought  about  upon  the  living  cells,  and  their  vitality  be 
impaired.     The  agent  is  injected  snbentaueously,  so  as  to  come 
contact  with  the  diseased  cells. 

The  pathogenic  cells  are  dyed  by  pyoktanin  in  the  living  boch 
cell  stain  is  not  apparent  at  first.     Mosetig  accounts  for  the  absctitt  of 
coloring  by  the  presence  in  the  cancer-cells  of  a  Chen  I  whici 

is  able  to  reduce  the  anilin  dyes  in  Midi  a  way  that  they  lose  lh 
When  the  tumor  has  been  extirpated  and  sections  have  been  prepared  faun 
it.  for  microscopical  examination,  exposure  to  the  oxygefl  ol  theairbnagi 
out  the  blue  stain. 

It  may  be  used  in  solutions  of  the  strength  of  1  :  1000,  1 :5m 
and  1  ;  300.     It  is  ptoba\taA\i&  vwwch  stronger  solutions  maybe 
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d   with   safety.       Mosetig-Moorhof  has  given   as  much  as  6 
tiimes  of  a  i  :  300  solution  without  ill  effects.      The  injection 
uld  be  repeated  every  two  or  three  days.     The  whole  mass  of 
tumor  should  gradually  become  impregnated  with  the  stain- 
fluid.      Park  has  seen   undoubted   benefit   from    the   use  of 
ktanin,   although  as  yet  in  no  case  a   cure.     He  gives   it  in 
itions   of  the   strength    of   1  :  1000   to    1  :  400,      He   also    uses 
:hyl-blue  chemically  pure  internally,  giving  it  usually  in  con- 
tion  with  the  extracts  of  mix  vomica  and  cinchona.      Meyer 
arts  one  or  two  cases  by  other  observers  that  appear  to  have 
n  cured  by  this  treatment,  but  in  his  own  experience,  which 
been  large,  there  has  been  no  cure,  although  great  improve- 
it  has  been  obtained  in  several  cases. 

Mosetig-Moorhof  reports  a  case  of  cancer  of  the  gall-bladder 
ich  had  been  opened  for  gall-stone.  A  pencil  of  methyl-violet 
;  introduced  every  two  to  four  days,  and  0.6  Gr.  methyl-blue  was 
en  by  the  mouth  daily.  The  general  condition  of  the  patient 
>roved,  the  growth,  a  villous  cancer,  largely  disappeared,  and 
incision  contracted  to  a  small  fistulous  opening.  This  surgeon 
arts  several  cases  of  sarcoma  and  carcinoma  in  which,  although 
inanent  cure  had  not  been  effected,  there  was  considerable 
rrovement  in  the  condition  of  the  patient.  (See  Appendix.) 
The  use  of  Chian  turpentine,  Southall's  solution,  or  Metcalf  s 
llsion  is  occasionally  followed  by  some  improvement  in  the 
:ration  which  accompanies  the  growth  of  cancer.  These 
>arations  are  usually  given  in  doses  of  a  teaspoon ful  three 
es  a  day,  and  are  continued  for  three  months.  The  writer 
given  this  remedy  a  thorough  trial,  and  in  but  one  case 
.-,  a  case  of  cancer  of  the  tongue,  did  there  appear  to  be  any 
.lt  whatever.  In  this  case  the  ulceration  in  the  mouth  healed, 
the  progress  of  the  disease  continued  as  before. 
Although  the  therapeutic  results  of  the  treatment  of  cancer  are 
t  discouraging,  the  disease  is  not  one  in  which  the  patient  should 
bandoned  hopelessly  to  his  fate.  Both  mental  and  physical  relief 
been  obtained  by  the  measures  already  mentioned:  much  may 
be  accomplished  by  general  measures.  Park  recommends 
rts  to  improve  elimination  in  every  possible  way  from  the  skin, 
leys  and  the  alimentary  canal. 

u  cases  of  internal  cancer  the  utmost  care  should  be  given  to 
condition  of  the  digestive  organs,  and  special  rules  should  be 
down  for  the  management  of  cases  according  to  the  locality  111 
ch  the  disease  is  situated. 
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The  term  *'  sarcoma,"  derived  from  trdpc  (flesh),  was  first  used  \c^-' 
denote  all  kinds  of  fleshy  growths.      There  was  also  supposed  tobe^ 
a  resemblance  between  the  fibre  of  sarcoma — particularly  of  certain 
forms— and  the  fibre  of  muscular  tissue.     This  group  of  tumors  is 
composed  of  the  embryonic  types  of  connective  tissue,  and  in 
respect  it  differs  from  most  other  tumors,  which  correspond  in  then 
structure  to  the  fully-developed  tissues  of  the  body.     Its  embryonic 
nature  is  shown  in  the  large  numbers  of  cells  of  which  it  is  com- 
posed.    These   cells  vary   greatly   in   their  character    in   different 
varieties  of  sarcoma,  but  they  are  all  types  found   in  embryonic 
connective  tissue.     The  round-  and  spindle-shaped  cells  are  found 
not  only  in  these  tumors,  but  also  in  certain  stages  of  development 
of  fcetal  tissue,  and  also  at  certain  periods  in  the  process  of  repair 
in  a  healing  wound.     The  giant-cell  is  also  characteristic  of  the 
embryonic  structure  of  the  medulla  of  bone,  and  it  is  seen  both  in 
bone  and  in  connective  tissue  during  that  period  of  a  morbid  pro- 
cess when  the  embryonic  type  reasserts  itself.     There  is  this  im- 
portant difference,   however,   between  the  cells  of    inflammation 
and  repair  and  those  of  sarcoma:   in  that  the  former  have  but  a 
temporary  existence,  whereas  the  latter  tend  to  indefinite  growth; 
it    is   this   tendency  which   gives  to  sarcoma  its  malignant    cha- 
racter. 

These  cells  are  characteristic  not  only  in  their  shape,  but  also 
in  their  disposition  in  an  intercellular  substance,  as  is  the  case  with 
all  cells  of  the  group  of  connective  substances.     This  intercel' 
substance  may  at  times  be  very  scanty  and  difficult  to  see,  and  it  a 
then  composed  either  of  delicate  fibres  or  of  gTannlar  tttati 
other  times  it  may  be  more  distinctly  fibrous.     It  may  also  be  com*^ 
posed  of  a  transparent  mucous  substance,  such  as  is  found  in  the* 
fcetal  cord.     Occasionally  it  forms  between  the  cells  a  delicate  nei 
work  which  resembles  the  reticulum  of  the  lymphatic  glands.    .^^ 
the  intercellular  substance  increases  in  quantity  the  cells  dimin: 
in  number,  and  with  this  change  is  found  a  corresponding  dim h 
tion  in  the  malignancy  of  the  growth. 

By  adhering  very  strictly  to  these  lines  in  deciding  upon 
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in  icroscopic  diagnosis  of  sarcoma  the  surgeon  is  not  likely  to  mis- 
t&Xz-C  it  for  a  tumor  arising  from  a  different  form  of  tissue,  such  as 
C&.T cinoma,  wherein  the  epithelial  cells  are  in  direct  contact  with 
oXler  another,  being  cemented  together,  and  are  enclosed  in  alveolar 
ST>^«res  by  the  stroma.  The  combined  forms  of  sarcoma  and  car- 
cjnonia  mentioned  by  Virchow  are,  in  the  light  of  these  dis- 
t-ixxctions,  no  longer  recognized.  These  growths  originate  from 
c3  i  6ferent  germinal  layers  in  the  embryo,  and  they  remain  for 
eveT  after  distinct.  The  endothelial  growths  in  this  respect 
Oorue  nearer  to  sarcoma,  and  they  are  so  classified  by  some 
-til. tliors,  although  they  have  been  placed  among  the  card- 
xiomata. 

Sarcoma  is  usually  a  very  vascular  tumor,  and  in  some  cases  the 
t>  1  ood-vessels  are  developed  to  such  a  degree  that  the  tumor  actually 
p>til sates.      Microscopically,   the   walls   of  the  vessel    appear   inli- 
ixi-ite3y  connected  with  the  new  growth,  and  many  of  the  walls 
seem  to  be  made  up  almost  solely  of  cells,  being  in  many  cases 
simply  blood-spaces  in   the  centre  of  the  growth.      Interesting  in 
tfHIs  connection  is  a  growth  regarded  by  some  observers  as  allied  to 
sarcoma,  and  described  by  Billroth  as  cylindroma^  which  is  com- 
posed of  columnar  masses  of  endothelial  cells  in  a  more  or  less 
transparent  matrix,   and  which   is  supposed  to  be  formed  from  a 
growth   of    the  endothelium   of   the    blood-vessels,    whose  walls 
have  undergone  hyaline   degeneration.      Sarcoma  seems  closely 
associated   with   the   blood-vessels,    except    that   class   known   as 
fy  +*ipkosarioma,  which  is  as  intimately  associated  with  the  lymph* 
atiics. 

The  classification  and  definition  which  Virchow  laid  down  for 
trie  sarcomata  is  substantially  maintained  to-day,  although  certain 
tumors  that  were  formerly  placed  in  this  category  have  been 
ci  Topped  from  the  list.  The  tumor  seen  in  actinomycosis  was  at 
°Me  time  supposed  to  be  sarcomatous,  until  eventually  its  true 
nature  was  detected.  It  is  possible  that  future  discoveries  may  still 
further  limit  the  number  of  tumors  which  are  now  regarded  as 
sarcoma. 

At  present  little  is  known  about  the  etiology  of  this  class  of 
tumors.  Cohnhei m's  theory  that  these  growths  depend  upon  a  dis- 
turbance in  the  embryonic  structure  from  which  they  spring  has 
Something  suggestive  in  it  in  the  light  of  the  fact  that  sarcoma  is 
often  seen  in  infancy,  or  that  it  is  even  congenital  in  the  sense  that 
it  springs  from  moles  or  other  growths  of  congenital  origin.  Con- 
genital sarcoma  is  comparatively  rare.     As  a  rule,  sarcoma  appears 
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irst  at  a  much  more  mature  period  of  life.     In   ioo  cases  of 
:oma  collected  by  Stort  56  were  men  and  40  were  w 
[ages  of  the  majority  of  the  cases  ranged  from  forty  to  seventy  y^^ 
It  appears  to  be  of  traumatic  origin,  and  it  has  been  known  i< 
low  blows  upon  the  testis,  the  mamma,  and  the  bones,  and  acc-o/^' 
Ifjg  to  Nasse  trauma  is  more  frequently  the  cause  of  sarco: 
of  any  other  tumor.   Any  source  of  irritation  nun  serve  apparent  * 
as  a  cause.     Sarcoma  appears  occasionally  in  scars,  and  it  m&j  k.    ^ffiis. 
low  chronic  inflammatory  processes.     Hesse  reports  that  the  lutip^  jT** 
of  the  cobalt-miners  of  Schueeberg  are   invariably  affect  '    y 

lymphosarcoma,  although  other  people  in  the  vicinity  do  not  fa 

Ehe  disease. 
Recent  investigations  show  that  the  so-called   "  organisms  of  a  celbi 
lature"  are  found  in  the  cells  of  sarcoma  as  well  as  in  ihnst-  -I  I  arcinoraa. 
Pawlowsky.  following  a  suggestion  of  Steinhaus,  studied  the  cells  of  sax- 

*    and  found  organisms  which  he  regarded  as  sporozoa  (microspor 
These  Structures   are  seen  in  the  protoplasm  of  the  cells,  and  they  contain 
Spherical  or  oval  spores.     They  react  differently  from  the  other  tain* 

tog  Quids.    He  traces  the  spore  into  the  cell,  where  it  is  surrounded  by  a  ring 
.if  prtitoplasin  winch  forms  a  capsule  around  the  multiplying  sj  ■  .«it- 

ually,  the  capsules  burst,  and  the  spores  are  set  free  in  the  intercellular  sub- 
stance of  the  tumor,  whence  they  reach  other  cells.  The  sarcoma-cells  begin 
to  grow  and  to  multiply  under  the  influence  of  the  para- 
thinks  it  probable  that  in  the  melanotic  sarcomata  thes».  ss  obtain 
their  nourishment  from  the  constituents  of  the  blood,  and  that  they  stand  tn 
close  relations  to  the  haemoglobin  of  the  red  blood-corpuscles.  So  far  as  his 
OWU  experience  goes,  these  organisms  are  less  frequently  seen  in  the  cells  of 
sarcoma  than  in  those  of  carcinoma. 

Sarcomata  may  grow  wherever  connective   tissue   e  vmt 

they  are  more  frequently  seen   in  the  skin,  the  fascia,  tli • 
muscular  connective  tissue,  the  bones,  the  periosteum,  the  br 
the  ovaries,  and  the  testicle.     The  classification  it  is  custouian  to    ^ 
adopt   at   present  is  that   based  chiefly  upon   the  charade  ^ 

cells  of  which  the  tumor  is  composed. 

The  round-cell  sarcoma  is  composed  either  of  small  or  of  laTg*"v^ 
cells.     The  small  round-all  sarcoma  consists  of  round  cells 
taining  but  little  protoplasm,  and  of  a  globular  or  an  oval  aucfc 
The  intercellular  substance  is  slight  in  quantity,  and  it  is  granu 
or  is  faintly  fibrillated.     The  vessels  are  numerous,  and  they  h^^ 
very  thin  walls.     This  tissue  closely  resembles  that  seen  in  grit 
lations.      Such  tumors  are  found  in  the  skin,  the  tesh  I  t^. 

ovaries  (Ziegler).     When  the  intercellular  substance  forms  a  r. 
ulum  of  stellate  cells  anastomosing  by  nuinerou- 
the  round  cells  are  found  in  large  numbers  in  the  in  !/i& 
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Fig.  100. — Alveolar  Sarcoma  (oc.  3.  obj.-jlj  oil  im.). 


■reticulum,  and  tliere  is  found  an  arrangement  such  as  is  present  in 
tl*e    lymphatic  glands.     Such 
^    tissue  is  found  in  lympho- 
5arcoraa. 

The  large  round-cell  sat co- 
rfia    is  composed  of  cells  con- 
taining   an    abundant   proto- 
plasm and  of  a  large  vesicular 
0val  nucleus.     These  cells  are 
so    large  that  they  look   like 
epithelium,  and  the  stroma  is 
&o  slight  that  the  cells  appear 
to  t>e  in  contact  with  one  an- 
other.     Running  through  the 
growth,     however,     are     tra- 
t>ecnke  of  connective  tissue, 
forming  alveoli  from  the  walls 

of    ^which  spring  the  delicate  fibres  which  run  between  the  cells. 
The  tissue  is  very  vascular,  containing  large  vessels  giving  off  fine 
capillaries  that  penetrate  the  alveoli  in  the  delicate  stroma.     This 
tumor  is  called  u  alveolar  sarcoma  "  (Fig.  100).     Such  an  arrange- 
ment of  cells  and  stroma  corresponds  very  closely  with  that  found 
in    carcinoma,  and  it  is  only  by  careful  preparation  that  the  differ- 
ence between  the  two  kinds  of  growth  can  be  detected.      If  a  thin 
section  taken  from  an  alveolar  sarcoma  is  shaken  up  with  water  in 
a    test-tube  or  is  brushed  with  a  camel1  s-hair  pencil,  many  of  the 
cells  drop  out  and  the  connective-tissue  stroma  is  made  apparent. 
Tli  is  is  not  a  very  common  form  of  sarcoma.     It  is  found  in  the 
cutis,   the  muscle,   the  bone,   and   the  testicle. 

The  spin  die-cell  sarcoma  (Fig;  101),  however,  is  the  commonest 
form.  It  is  composed  of  long  spindle-cells,  of  varying  size,  closely 
packed  together.  The  cells  lie  with  their  broad  surfaces  in  con- 
tact with  one  another,  and  they  are  arranged  in  bundles  running 
in  various  directions,  so  that  in  a  section  one  sees  longitudinal  and 
cross-sections  of  such  bundles  (sarcoma  fasciculatum).  There  is 
but  a  small  amount  of  intercellular  substance,  and  blood-vessels 
are  seen  in  the  axes  of  the  bundles  of  cells.  These  cells  are  often 
so  closely  packed  together  that  their  form  cannot  be  made  out  dis- 
tinctly, and  the  nuclei  seem  to  lie  very  close  to  one  another.  The 
grain  of  the  tumor  is,  however,  characteristic,  and  on  picking  the 
cells  apart  or  on  brushing  them  the  spindle-cells  with  their  long 
prolongations  are  seen.  These  cells  are  not  always  fusiform,  but 
45 
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they  may  have  several  prolongations,  giving  them  quite  an  i 
ular  shape.     This  variety  of  sarcoma  is  usually  a  good  deal  fi 


FlG.  IOI. — Spindle-cell  Sarcoma  [oe.  3,  <<!■ 

in  consistency,  and  is  less  malignant,  than  the  round-cell  sare 
Medullary   forms   occur    occasionally.      The    prognosis  of 
tumors  depends,  however,  greatly  upon  their  locality. 

The giant-cell  sarcoma^  or  myeloid  sarcoma,  is  eharacteriz" 
. the  presence   of 

•  <■ " \*teff i-       .  *  °f  a  great  vanci 

shapes  ai 
'  1*  ^   \  y  more    particularl 

rig  mass    of     protoj 

containing      a 

number  of  n 
102).  The 
clei  are  large 
refractive,  and 
usually  massed  j 
the  centre  of  the  c 
and  the  protopl; 
is  composed  of  a  thi 
finely-granular  mi 
Fig.  iox— Gianl-ccll  Sarcoma  (oc,  3,  obj,  D.).  rial    which   has  a  J' 
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j0^.vish  or  a  brownish  tinge.     These  cells  are  often  quite  numerous; 

^t  other  times  they  are  found  only  in  certain  portions  of  the  growth. 

*X*lie  other  cells  of  which  the  tumor  is  composed  are  polymorphous. 

^£*2iere  are  found  spindle-,  stellate,  club-shaped,  and  round  cells.    The 

aIn  ount  of  intercellular  substance  is  usually  exceedingly  small;  con- 

^^quently,  it  is  a  soft  and  pulpy  tumor  which  often  has  a  brownish 

tji3ge.     Similar  giant-cells  are  seen  in  the  marrow  of  embryonic 

!-,.£> ine,  but  they  are  not  so  large.     These  tumors  are  almost  always 

^^^u  in  the  marrow  of  bone,  but  giant-cells  are  found  also  in  peri- 

,  t.  «al  sarcomata. 

Me/attosatroma  is  characterized  by  the  presence  of  a  dark  pig- 
1-,-!  ^nt  in  the  cells.     Any  of  the  forms  of  sarcoma  may  be  pigmented, 
t>i/&.  *.  melauosarcoma  usually  contains  round  or  spindle-cells.     The 
p>i^^meut-granules  are  found  in  the  body  of  the  cells,  but  never  in 
^  lm^  nucleus.     The  pigment  is  arranged  in  many  cells  so  as  to  dis- 
tend the  cells  and  alter  their  shape,  the  pigment-granules  appearing 
as      large,  dark,  globular  masses,   the  clear  nucleus  being  crowded 
it»t.oone  corner  of  the  cell.     All  the  cells  are  not  pigmented,  and 
trme  younger  portions  of  the  tumor  may  have  no  pigment  whatever, 
These  granules  are  uotto  be  mistaken  for  blood-pigment,  which, 
seen  in  "multiple-pigment  sarcoma,1"  may  have  been  absorbed  from 
a     rjlood-clot  the  result  of  hemorrhage.     In  such  a  case  pigment- 
g~iranules  are  also  to  be  found  between  the  cells.     Virchow  believes 
tli at  the  pigment  is  formed  in  the  cells,  and  this  view  is  most  gen- 
erally accepted  ;  others  have  supposed  that  the  pigment  is  formed 
directly  from  the  blood.    These  tumors  grow  in  the  choroid  coat  of 
the  eye  and  in  the  skin,  especially  on  the  foot  and  the  hand  ;  they 
have  also  been  seen  in  the  lymphatic  glands.    Melauosarcoma  is  one 
of  the  most  malignant  varieties  of  tumor  known,  and  metastatic 
deposits  are  found  in  the  liver  and  in  other  internal  organs,  many 
of  these  metastases  being  unpigmen  ted  and  presenting  white  nodules. 
Sarcoma  may  also  be  classified  according  to  the  changes  observed 
in  the  intercellular  substance-     When  there  is  a  large  amount  of 
fibrous  stroma,  which  occasionally  occurs  in  spindle-cell  sarcoma, 
it   is  called  a  4t  fibrosarcoma.1'      In  myxosarcoma  the  intercellular 
substance  is  clear  and  homogeneous,  like  that  seen  in  myxoma; 
the  cells  may  be  round,  stellate,  or  fusiform.     Such   tumors  are 
seen  iu  the  intermuscular  septa  and  also  in  connection  with  sar- 
coma of  bone.     Gliosarcoma  is  a  round-cell  growth  with  an  inter- 
cellular substance  similar  to  that  seen  iu  the  neuroglia.    It  is  found 
in   the  central  nervous  system  and  also  in  the  retina.     It  is  a  soft, 
white  medullary  growth,  and  is  usually  very  mal\^\\a.Y&.     Angto- 
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m  sarcoma  has  been  defined  as  an  angioma  with  sarcomatous  growth 
■    of  the  vessel-wall.     The  sarcoma-cells  form  in  columnar  masses, 
I     apparently  in   the  perivascular  spaces,  and  each  column  of  cells 
contains  a  blood-vessel   in  its  centre.     The  cells  have  a  di;>ts 
endothelial  character,  which  brings  it  close  to  the  class  of  endotho 
liomata.     These  columnar  masses  of  cells  form  coils  which  may 
anastomose  freely  with  one  another.      The  tumor  may  be  more  or 
less  diffuse  in  the  membranes  of  the  brain  or  the  peritoneum,  or  it 
in  ay  be  nodular.      It  may  be  found  in   the  brain,   the   nerves,  the 
testicle,  the  lymphatic  glands,  the  breast,  the  skin,  and  the  bones. 
The  tumor  is  very  malignant^  and  the  metastatic  deposits  have  the 
same  general  character. 

Although  sarcoma  seems  much  more  isolated  from  the  adjacent 
tissues  than  carcinoma,  and  it  is  in  many  cases  surrounded  by  a 
sort  of  capsule,  a  histological  examination  shows  that  the  cells  fa 
invaded  the  surrounding  tissues  much  more  deeply  than  the  micro- 
scopic appearances  would  lead  one  to  believe.     The  cells  not  • 
rapidly  proliferate,  usually  by  mitosis,  but  it  is  probable  that  many 
of  them  also  possess  the  power  of  amoeboid  movement,  and  in  tins 
way  detached  foci  may  be  found  in  the  neighborhood  of  a  tumor. 
For  these  reasons  sarcoma  has  a  strong  tendency  to  recur  hx 
after  removal.     These  tumors  have  the  power  also   to   produce 
metastatic  deposits,  which  in  some  cases  may  be  so  small  and  so 
numerous  that  the  term  "sarcomatosis"  has  been  devised  to  express 
this  peculiar  condition.     Metastasis  does  not  occur,  however,  • 
a  late  period  in  the  history  of  the  disease,  and  local  return  of  sar- 
coma may  take  place  several  times  after  operation  before  general- 
ization of  the  growth  occurs. 

The  metastatic  growths  take  place  along  the  course  of  the  blood- 
vessels rather  than  in  the  lymphatics,  although  in  the  case  of 


ti. 


coma  of  the  bones  the  lymphatic  glands  may  become  involved.    ^  *rf* 
Councilman  points  out  the  closer  relation  of  these  growths  to  the^ 
blood-vessels,  showing  that  it  is  by  no  means  rare  to  find  a  sarconr 
growing  directly  into  a  large  vein,  and  that  it  may  extend  in  thi  ^-  7* 
way  for  a  long  distance  as  a  fleshy  polyptis  moving  freely  in  tl^^*, 
blood-stream.     As  one  would  suppose,  metastases  are  most  con 
monly  found  in  the  lungs,  and  next  in  order  of  frequency  come  tfr  , 
spleen,  the  kidneys,  and  the  liver. 

Sarcoma  may  undergo  retrograde  changes  during  its  period  <y 
growth,  the  most  frequent  being  fatty  degeneration  of  the  tt 
The  most  cellular  and  actively-growing  sarcomata  seem  to  posse* 
^ldency.     T\\e  swddtw  &\mvtuiUon  in  size  or  the  disapt>«r. 


iiiice  of  sarcoma  as  the  result  of  treatment  by  arsenic  or  through 

t  lie  action  of  erysipelas  is  in  many  cases  to  be  explained  in  this  way. 

0 1  ncous  degeneration  may  also  occur,  and  as  the  result  of  these  changes 
cy^s  may  develop  in  the  tumor.  Portions  of  the  tumor  often  break 
ilovrn,  owing  to  rupture  of  the  softened  walls  of  the  blood-vessels ; 
^c>nsecluently  extravasations  of  blood  are  frequently  seen. 

Sarcoma  has  in  its  early  history  a  period  during  which  it  is  far 
jess  malignant  than  in  the  later  stages.  During  this  period  the 
^tixtior  seems  to  remain  stationary.  The  change  to  a  more  malig- 
xm^K'1^  growth  may  take  place  suddenly  or  gradually.  The  clini- 
^■^.1  significance  of  a  sarcoma  depends  not  only  upon  the  nature 
0f  its  tissue,  but  also  upon  the  locality  in  which  it  is  situated. 
'X*lae  gliosarcouia,  although  confined  to  one  locality,  presents  a 
cc>  edition  of  grave  importance,  owing  to  its  relation  to  the  cen- 
11-^.1  nervous  system.  The  more  rich  in  cells  and  the  smaller  the 
c^-lls,  the  more  rapid  is  the  growth  of  the  tumor. 

The  various  localities  in  which  the  disease  grows  will  next  be 

studied. 

i.  Sarcoma  of  Skin. 

Sarcoma  of  skin  occurs  quite  frequently,  although  not  nearly  so 
often  as  cancer.  It  may  occur  primarily,  but  also  as  the  result  of 
metastasis.  Sarcoma  develops  quite  often  from  warts  and  moles, 
wViich  for  a  long  time  after  adult  life  has  been  reached  remain 
unchanged,  and  eventually,  as  the  result  of  irritation  through  fric- 
tion or  injur}',  change  into  sarcoma.  It  may  also  develop  after 
trauma,  or  it  may  grow  from  granulation  tissue  or  from  a  scar, 
Sarcoma  may  be  congenital,  and  Babes  reports  a  case  of  sarcoma 
tHe  size  of  a  dollar  which  was  removed  from  the  foot  of  a  new-born 
cnild.  The  commonest  period  of  life  to  see  sarcoma  of  the  skin  is 
*Vom  thirty-five  to  fifty  years.  The  disease  may  develop  from  the 
superficial  or  the  deep  layers  of  the  skin  or  from  the  subcutaneous 
^^llular  tissue.  In  the  latter  case  the  skin  is  affected  secondarily, 
^rid  on  section  one  can  often  see  the  sarcoma-cells  pressing  their 
"^-ay  to  the  surface  through  the  columnar  adiposae. 

According  to  Babes,  many  of  the  sarcomata  of  the  skin  spring 
from  the  walls  of  the  blood-vessels  and  are  of  endothelial  origin. 
-According  to  Winiwarter,  sarcomata  grow  from  the  connective- 
tissue  structures,  from  the  walls  of  the  blood-vessels  and  lymphatic 
"Walls,  and  from  the  sheaths  of  the  nerves.  The  forms  generally 
seen  here  are  the  spindle-cell  sarcoma,  the  myxosarcoma,  the 
alveolar  sarcoma,  and  the  melanosarcoma.     TVie  $n\a\V  towcA-<l<2\ 
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sarcoma  is  comparatively  rare.  The  superficial  form  appears  on 
the  surface  as  a  sarcomatous  wart,  which  may  eventually  attain 
considerable  size,  retaining  a  nodulated  or  a  papillary  appearance. 

The  course  of  the  disease  is  slow  at  first.  There  is  often  a 
period,  perhaps  of  several  years,  during  which  the  tumor  bears  the 
reputation  of  being  benign.  Then  a  change  comes  suddenly,  and 
it  is  evident  that  the  growth  is  sarcomatous.  Even  then  the 
growth  may  be  slow  and  may  extend  over  several  years.  A 
sarcoma  sometimes  develops,  however,  with  great  rapidity.  The 
adjacent  portions  of  the  skin  ma)-  become  affected,  and  eventually 
metastatic  deposits  are  found  in  the  internal  organs. 

Sarcoma  of  the  subcutaneous  tissue  is  usually  more  distinctly 
defined  as  to  its  limits,  and  it  may  attain  considerable  size  before 
any  metastasis  takes  place. 

The  superficial  papillary  sarcoma  contains  either  round-cells  or 
spin  die- eel  Is.  It  may  also  consist  of  alveolar  sarcoma  tissue.  Afl 
it  develops  from  some  old-standing  wart-like  structure  of  the  skin. 
it  assumes  a  fungous  growth. 

Sarcomatous    ulcers,    seen    not    infrequently    upon    the 
extremities,  contain  usually  a  variety  of  cell* forms.     Congenital 
sarcoma  appears  as  a  circumscribed,  hard,  round  growth  of  doughy 
consistency    and    of    a    bluish    color.      It    is   either    a    spindle-cell 
sarcoma  or  a  myxosarcoma,  and  it  recurs  rapidly  after  removal. 
The  papilla?  are  often  greatly  enlarged  in  the  affected  portion  of 
the   skin    (Winiwarter).       Sarcoma    may   be    multiple,    and    the 
tumors,  often  found  in  great  numbers,  vary  considerably  in  size, 
but  they  are  usually  small.     They  are  either  subcutaneous  or  they 
infiltrate  the  skin,  appearing  as  reddish  nodules.     They  are  either-^ 
round-cell  or  alveolar  sarcomas.     They  may  also  contain  spindle^ 
cells,    and    they   are    often   very   vascular.      Death    occurs    frott^. 
cachexia  at  the  end  of  two  or  three  yearn 

Afelanosarcoma  generally  originates  from  a  pigmented  mole  c^; 
it  may  occur  in  previously  healthy  skin.     It  is  often  found  on 
hands  or  the  feet.     It  is  not  uncommon  to  find  it  springing  fin 
the  sole  of  the  foot  as  if  it  had  been  produced  by  some  inji 
Hutchinson  describes  a  form  of  "  melanotic  whitlow"  which  ^Xf>. 
pears  to  be  connected  at  first  with  disease  of  the  toe-nail.     T*/j* 
nail  falls  off,  and  there  is  found  a  sarcomatous  growth  which  fater 
assumes  a  most  malignant  character.     Pigmentation  may  0CC01 
all  forms  of  sarcoma,  whether  round-cell,  spindle-cell,  or  ahv 
sarcoma.     The  tumor  when  first  seen  may  not  be  larger  than  a 
pea,  but  it  may  finally  ^tow  to  be  as  large  as  the  fist.     The  pig. 
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tiieut-gjanules  are  found  principally  in  the  protoplasm  of  the  cells, 
l^tit  they  are  seen  also  in  the  deep  layers  of  the  rete  mucosum,  and 
tfie  pigmentation  may  affect  the  hair- follicles.  The  walls  of  the 
blood- vessels  and  the  capillaries  contain  pigment,  and  pigment- 
granules  may  also  be  found  in  the  subcutaneous  tissue.  Wickham 
I^cgg  describes  the  case  of  a  man  fifty-four  years  of  age  in  whom 
t  It  ere  was  a  diffuse  pigmentation  of  the  skin  of  the  face,  from 
^v-liich  metastatic  deposits  eventually  took  place.  The  lymphatic 
^liinds  are  affected  early  in  the  disease,  and  all  the  internal  organs, 
including  the  meninges,  and  even  the  brain  itself,  are  found  to 
contain  metastatic  growths.  The  duration  of  the  disease  seldom 
ercceeds  eighteen  months  to  two  years. 

Multiple-pigment  sarcoma  differs  from  the  melauosarcoma  in 
tli at  the  pigment  is  apparently  not  obtained  from  the  same  source 
as  in  melauosarcoma,  but  is  the  result  of  hemorrhages  which 
c-T-iise  the  deposit  of  blood-pigment.  Some  of  this  pigment  is 
found  in  the  cells  and  some  in  the  intercellular  substance.  Micro- 
scopically, these  tumors  consist  of  small  round  cells  or  of  spindle- 
cells,  and  are  very  vascular.  The  disease  begins  in  the  corium, 
an<!  it  later  involves  the  papillary  layer  and  the  subcutaneous  cel- 
lular tissue.  In  the  papillae  are  seen  numerous  extravasations  of 
blood  that  have  occurred  as  the  result  of  laceration  of  the  capillary 
walk  The  walls  of  the  vessels  may  also  show  evidences  of  cell- 
growth  and  pigmentation  (Winiwarter).  This  variety  of  sarcoma 
floes  not  originate  in  a  pigmented  mole,  but  is  first  seen  on  the 
F>alms  or  the  backs  of  the  hands  or  on  the  soles  of  the  feet.  Here 
tile  nodules  occur  in  groups,  perhaps  on  all  four  extremities,  and 
t>iey  gradually  spread  toward  the  trunk.  They  begin  at  first  as  small 
t*luish  spots  which  are  painless,  but  which  often  itch  badly.  Later, 
I  -lie  nodules  appear,  which  at  first  are  quite  small,  but  eventually 
they  may  increase  to  the  size  of  a  hen's  egg.  The  progress  of  the 
disease  is  very  gradual,  and  at  the  end  of  two  or  three  years  it  may 
have  involved  the  trunk  and  have  reached  the  face.  The  whole 
Cutaneous  surface  is  by  this  time  covered  with  nodules  varying  from 
the  size  of  a  pea  to  that  of  a  hen's  egg,  which  nodules  are  of  a 
brownish  or  of  a  bluish-red  color,  and  are  more  or  less  painful,  but 
^re  rarely  ulcerated.  In  one-fourth  of  the  cases  nodules  of  infiltra- 
tion are  found  on  the  glans  penis,  the  prepuce,  and  the  scrotum. 
There  is  also  a  characteristic  elephantiasis-like  thickening  of  the 
fingers  and  hands  and  of  the  legs  and  feet,  so  that  the  fingers 
are  stiff  and  distorted  and  the  patient  walks  and  stands  only 
"with  difficulty. 
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The  lymphatics  are  only  moderately  affected.  Many  of  the 
nodules  undergo  retrograde  changes,  and  after  some  desquamation 
of  the  epidermis  over  them  they  disappear  and  leave  behind  a  dark 
pigmented  cicatricial  depression.  Many  undergo  atrophy  in  the  cen- 
tre, while  the  periphery  remains  as  an  indurated  wall.  As  the  disease 
advances  the  mucous  membranes  become  affected.  Dark  bluish- 
red  patches,  diffuse  infiltrations,  or  little  nodules  arise  on  the  gi 
the  palate,  or  the  uvula,  and  the  tonsils  become  swollen.  The 
patients  begin  to  have  fever;  bloody  diarrhoea  and  haemoptysis 
make  their  appearance;  the  liver  and  spleen  become  enlarged;  and 
death  is  preceded  by  the  symptoms  of  general  marasmus. 

Metastatic  deposits  are  found  in  the  lungs,  the  heart,  the  li\ 

the  spleen,  and  the  intestine,  particularly  in  the  descending  colon 

Kaposi),     The  age  at  which   this  disease  occurs  varies  greatly, 

although  the  majority  of  cases  have  been  of  persons  in  middle  life. 

The  prognosis  is  most  unfavorable,  although  an  occasional 
recovery  is  recorded.  An  interesting  feature  of  the  disease  is  the 
spontaneous  disappearance  of  many  of  the  nodules. 

2.  Sarcoma  of  B< 

The  term  "osteosarcoma  M  is  commonly  used  to  denote  sarcoma  ,^^ 
of  bones,  but  in  reality  it  signifies  simply  a  sarcoma  which  is  ossi- 
fying or  which  contains  bone,  it  being  used  in  the  same  v 
fibrosarcoma.     It  is,  therefore,  a  term  which,  in  this  connection 
should  be  dropped.     Sarcoma  of  bone  may  in  general  be  divkl 
into  two  kinds — according  to  its  seat  in  the  periosteum  or  in 
medullary  tissue  of  the  bone.     The  former  class  is  called  **peri 
teal  sarcoma;"  the  latter,  "  central  "  or  "m  rcoma.'*     Tb- 

latter  division  shows  a  marked  difference  in  histological  stractnr—^, 
for  the  periosteal  growths  are  spindle-cell  tumors  and  the  1111  lull  man, 
growths  are  giant-cell  sarcomata.     Round-cell  sarcoma  is  seen  al    ^^ 
both  in  central  and  in  peripheral  growths.      Some  of  these  tumr-^, , 
belong  to  the  most  malignant  class  of  all  tumors,  and  others  aw 
so  mildly  malignant  that  they  have  been  supposed  to  be  benign 
According  to  Gross's  computations,  the  spindle-cell  form   is  sr^  p. 
posed  to  be  43.5  per  cent,  more  malignant  than  the  central  gia^anr- 
cell  sarcoma.    The  giant-cell  form  is  fortunately  the  cominonc 

Sarcomata  of  bone  appear  chiefly  during  the  early  hi  ^  it. 

Thus,  they  are  seen  most   frequently  between  the   ages  of  tveatgft 
and   thirty,  and  they  are  almost  as  commonly  met  with  bcrw-ro 
those  of  ten  and  twenty.      Traumatism  was   fuuud   by  Gross  to  bt 
an   assignable  cause   "\\\    ft.\W$   owe-half   the  cases  he    collected 
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_  ;cording  to  Nasse,  in  no  other  form  of  tumor  is  the  statement  of 
tfre  patient  so  often  made  that  some  sort  of  an  injurs-  had  previously 
been  received.  Surgeons  are  yet,  however,  entirely  in  the  dark  as 
to  the  origin  of  these  tumors. 

The  myeloid  (it mors  are  essentially  a  polymorphous  cell-growth, 
tlie  most  striking  of  the  various  cell-forms  being  the  giant-cells, 
Tvlxich  have  been  referred  to  above.      Spindle-cells  and  round  cells 
are  also  seen.     They  are  usually  situated  in  the  centre  of  the  bone, 
but  are  occasionally  seen  in  peripheral  growths.     One  of  the  most 
fr-e^uent  points  of  origin  is   the   spongy  tissue  at  the  head  of  the 
ti  L>ia.    They  are  seen  also  in  the  upper  and  lower  jaw  and  in  all  the 
ot  1'ier  long  bones.       In   these   situations    they  appear   as  soft  ma- 
hos^any-colored  growths,  which  are  very  characteristic.    For  a  long 
ti  x^ie  they  are  surrounded  by  a  shell  of  cortical  bone,  but  eventually 
tf-E^y  break  through  at  some  point.     They  are  not  so  vascular  as 
nx  i  ght  be  expected  from  their  succulent  nature  and  from  the  inter- 
sti  *ial  hemorrhages  to  which  they  are  so  liable.     They  are  particu- 
lar wrty  liable  to  fatty  degeneration,  and  thus  have  a  soft  creamy  or 
airs,    amber  color.     They  also  undergo  a  mucoid  softening,  as  a  re- 
sts It  of  which  cysts  are  formed  containing  a  straw-  or  a  buff-colored 
rlxx.  id.     Owing  to  the  fact  that  these  tumors  often  pulsate,  they  arc 
u«z»t  infrequently  mistaken  for  aneurism.     They  are   found  with 
atxwt   equal    frequency  in   men   and   in    women,    and    usually  be- 
tN^^een  the   ages  of  twenty  and  thirty  years.      They  grow  more 
slowly  than  any  other  form  of  sarcoma  of  bone,  and,  as  a  rule, 
^t«  confined  to  the  parts  in  which   they  originate  and  grow;  but 
sometimes  they  recur   after  removal,   and  occasionally  form  me- 
tastatic deposits  in  distant  organs,  principally  the  lungs.     In  22 
erases  operated  upon,  Gross  found  that  seventeen  remained  perma- 
nently well  and  five  died  of  recurrence  of  the  disease. 

Centra/  spindle-cell  sarcoma  is  the  next  commonest  variety. 
The  cells  may  be  large  or  small,  and  it  is  found  that  the  small 
<^ll  type  is  much  more  malignant  This  form  of  sarcoma  occurs  as 
a.  smooth  or  slightly  nodulated  growth,  limited  by  a  capsule  which 
is  partly  bony  and  partly  periosteal.  The  cut  surface  is  usually  of  a 
grayish-white  color,  and  the  consistence  is  firm  and  elastic.  The 
growth  is  not  particularly  vascular,  and  retrograde  changes  are 
Uncommon,  In  16  cases  Gross  found  two  in  the  upper  epiphysis 
of  the  tibia,  five  in  the  lower  epiphysis  of  the  femur,  and  two  in  the 
Upper  epiphysis  of  the  humerus.  The  ages  of  the  patients  varied 
a_ll  the  way  from  ten  to  sixty-eight  years,  the  duration  of  life,  from 
fbe  beginning  of  the  disease,  averaging  37.2  months..     "Nte\astolC\c 
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itt  times.  In  one  case  a  large  vein  was  found  filled  with  the  sar- 
comatous tissue.  Of  12  cases  of  round -cell  sarcoma  observed  by 
Oross,  three  ran  their  course  without  amputation.  Of  these  cases 
Ooe  died  in  six  months,  one  in  twenty-seven  months,  and  one  in 
thirty-eight  months.  Of  the  9  cases  in  which  amputation  was 
performed,  five  died  of  the  operation,  one  died  eleven  mouths  sub- 
sequently from  secondary  growths  in  the  brain  and  skull,  and  three 
remained  well,  respectively,  six  weeks,  four  mouths,  and  lour  and 
a  half  years  after  amputation. 

Periosteal  sarcomata  are  seated  between  the  deeper  layers  of  the 
periosteum  and  the  bone  (Fig-.  103).  The  varieties  are  round-cell 
sarcoma,  the  spindle-cell  sarcoma,  osteoid  or  osteosarcoma,  and 
chondrosarcoma.  These  forms  of  sarcoma  occur  more  frequently 
in  early  life,  the  average  age  being  estimated  by  Gross  at  twenty- 
two  and  one-seventh  years.  Giant-cells  are  occasionally  seen  in 
these  tumors,  but  only  to  a  limited  degree.  Fracture  of  the  bone 
rarely  occurs,  and  the  tumors  do  not  pulsate.  Elevation  of  the 
local  temperature  is  often  marked.  These  tumors  are  not  sur- 
rounded by  a  shell  of  bone  as  in  the  central  sarcomata. 

The  round-cell  sarcomata  are  either  of  the  simple  round-cell 
ty  pe  or  they  may  belong  to  the  class  of  alveolar  sarcoma.  They 
are  found  principally  on  the  shafts  of  the  long  bones.  They  are 
more  malignant  than  the  central  sarcomata,  and  their  growth  is 
usually  continuous  and  rapid.  As  they  gp&W  by  deposits  on  the 
periphery,  the  bone  is  usually  at  first  not  affected,  although  it  may 
later  become  involved.  They  appear  as  more  or  less  spindle- 
shaped  swellings,  and  on  the  cut  surface  they  have  a  radiating 
gTain  or  are  more  or  less  lobulated.  The  skin  is  often  involved  in 
the  growth  when  fully  developed.  These  tumors  may  recur 
locally,  and  the  lymphatic  glands  are  more  frequently  affected 
than  in  the  case  of  myeloid  sarcoma.  In  many  cases  the  lungs 
contain  metastatic  deposits.  The  average  duration  of  life  is  esti- 
mated by  Gross  at  eighteen  months.  Of  6  cases  that  were  suc- 
cessfully operated  upon,  only  one  remained  well  without  local 
recurrence. 

The  spindle-cell  sarcomata  surround  the  epiphyses  more  fre- 
quently than  they  do  the  shafts  of  the  long  bones.  They  con- 
sequently assume  more  or  less  a  pear  shape.  The  spindle-cells 
V:ir>"  greatly  in  size.  While  the  outer  layers  may  be  rich  in  cells, 
the  inner  layers  contain  more  or  less  fibrillated  cartilaginous  or 
bony  intercellular  substance.  This  growth,  however,  rarely  in- 
volves  the   bone   or   the   cartilage.      The   development   of  these 
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some  writers  have  undertaken  to  describe  a  central  as  well  as  a  perios- 
tea! form.     It  is,  however,  periosteal  in  its  origin,  but  inasmuch  as 
flue  growth  may  spring  from  the  periosteum  of  the  alveolar  process, 
fjie  bone  may  become  affected  by  the  time  the  growth  has  pushed 
a^ide  the  tooth  and  made  its  appearance.     As  the  tumor  grows  the 
£p4^ne  becomes  softened  and  eroded,  and  the  whole  thickness  of  the 
aL\  *veolar  process,  and  even  the  medullary  portion  of  the  bone,  may  be- 
c^^^xmg  involved.    Virchow  distinguishes  two  forms,  a  hard  and  a  soft 
e-p*ulis.     In  some  cases  there  is  a  large  amount  of  fibrous  tissue  and 
yr*eJy  few  small  cells,  but  the  giant-cells  are  also  seen  here  and  there 
^-^^rtween   the  fibres.      The  softer  kind  is  quite  vascular,   and  fre- 
™  -*jaently  a  vessel  breaks  and  hemorrhage  takes  place  into  the  tissue 
o>^~  the  growth,  pigment-granules  being  left  behind  when  the  clot 
i^      absorbed.     These  granules  are  found  both  in  and  between  the 
c^^r  lis,  and  they  give  the  tumor  a  brownish  color  (pigmented  epulis). 
This  disease  is  one  of  early  life,  but  it  may  appear  also  in  mid- 
61  ^1  <  or  in  old  age.     It  is  usually  seen,  in  the  early  stages,  between 
t^v^'o  teeth,  pushing  forward  as  a  bright  red  lump  or  granulation  and 
tached  apparently  to  the  gum,   often  only   by  a  pedicle.     The 
per  tissues  are  involved,  however,  and  the  lump  returns  promptly 
»^^"ler  an  attempt  to  destroy  it  by  tying  a  ligature  around  its  base,  as 
i^s.    often  done.     The  disease  is  only  locally  malignant,  and  it  may 
r-^^turn  several  times  after  operation  when  not  enough  of  the  sur- 
u riding  tissue  has  been  removed.      It  is  necessary  to  extract  the 
adjacent  teeth  and  to  remove  that  portion  of  the  alveolar  process  to 
hich   the  tumor  is  attached.      In  rare  cases,  when  the  tumor  is 
^mall,   an  incision  down  to  the  periosteum  around  its  base  will 
Suable  the  surgeon  to  peel  off  the  periosteum  with  the  growth,  and 
in  this  way  effect  a  cure.     Sometimes  a  large  portion  of  the  bone  of 
tlie  lower  or  the  upper  jaw  must  be  removed  to  prevent  recurrence. 
Sarcoma  of  the  bones  of  the  cranium  occurs  as  a  periosteal  or  as 
^  myeloid  sarcoma.     The  periosteal   form  grows  outward   princi- 
pally, but  it  may  grow  inward  and  destroy  the  bone  and  invade 
the  cranial  cavity.     The  myeloid  form  destroys  first  the  diploe  and 
separates  the  two  tables  from  each  other,   but  for  some  time  the 
growth   remains   covered   by   a   bony   capsule.     Externally   these 
tumors  may  become  quite  prominent,  and  eventually  they  break 
through  the  cutaneous  coverings.     Internally  they  push  the  dura 

!  before  them,  but  they  do  not  become  so  prominent  in  this  direc- 
tion. Occasionally  other  portions  of  the  bone  are  attacked  and 
multiple  tumors  are  formed.  The  periosteal  tumors  are  either 
spindle-cell  or  small  round-cell  sarcomata. 
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The  most  frequent  seat  of  these  tumors  is  in  the  parietal  bone, 
fthe  temporal  and  froutal  bones  coming  next  in  order.  Tumors 
f springing  from  the  dura  mater  grow  principally  into  the  cranial 
cavity  and  compress  the  brain.  If  the  tumor  grows  from  the  outer 
layers  of  the  dura,  the  bone  is  first  absorbed,  and  through  the  hole 
thus  made  the  tumor  grows  out,  sometimes  reaching  a  formidable 
size.  The  tumor  is  usually  covered  with  a  connective-tissue  cap- 
sule, which  consists  of  the  outer  layer  of  the  dura  that  separar 
from  the  cranial  bone.  Sometimes  the  growth  behaves  more  like 
an  ordinary  periosteal  sarcoma,  and  it  becomes  intimately  connected 
with  the  bone  from  the  beginning.  Sarcoma  of  the  dura  is  usually 
a  spindle-cell  sarcoma.  Its  most  frequent  seat  is  beneath  the  parietal 
bone.     It  attacks  principally  individuals  of  middle  or  of  late  life. 

J.  C.  Warren  describes  a  "fungoid  tumor"  growing  from  the  dura  and 
forming  a  large  growth  on  the  right  temple  of  a  young  lady  who  applied  for 
treatment  in  1846.    The  tumor  was  cut  ;  and  the  dora 

wu  cauterized  and  the  wound  healed.  Five  yenii  Intel  aba  BOflfflPJtad  Mason 
Warren  for  a  return  of  the  growth,  which  was  quite  small.  No  operation 
advised.  In  1866  she  was  heard  from  in  good  health.  The  tumor  bad 
slowly  enlarged  until  three  years  previously,  and  it  siuce  had  undergone  on 
material  change. 

Other  cases  of  slow  growth  of  these  tumors  are  recorded :  ooe 
of  twenty  years',  one  of  fifteen  years',  and  several  of  four  or  five  3 

years'  duration. 


■ 


3.  Sarcoma  oi«  Kidney. 

Primary  sarcoma  of  the  kidney  is  not  common,  and  it  is  mi 
frequently  seen  in  infancy  or  in  childhood,  whereas  cancer  of  th^n^ 
kidney  at  this   period  of  life  is  extreme!*  Many  of  the-^^^ 

growths  are  congenital,  and  are  discovered  at  or  soon  after 
Sarcoma  of  the  kidney  is  generally  a  very  soft  medullary  grow*- 
composed  of  round  or  spindle-cells  and  also  of  stellate  c  jD 

some  portions  of  the  tumor  may  be  found  fibrous  or  xnyxomatc^oj 
tissue.     The  tumors  attain  at  times  considerable  size*  which  11  »„,,. 
exceed  that  of  a  man's  head.     These  large  tumors  are  fiileo 
fatty  degenerated  necrotic  or  hemorrhagic  portions  and  c 

True  cysts  with  an  epithelial   lining  are  rare.      Remains  01"   tfo 
kidney  structure  may  be  found  in  the  peripheral  portion  of  the 
tumor.     The  capsule  is  generally  preserved,  as  are  also  the  adrejnJ 
glands.     The  renal  tubules  and  pelvis  may  generally  also  be  fa 
The  sarcoma  appears  to  develop  in  the  inner  portion  of  the  organ. 
The  renal  vein,  and  even  the  vena  cava,  may  be  invaded  by  a  man 
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of  sarcomatous  tissue.  The  lymphatic  glands  are  eventually  affected, 
ajid  secondary  deposits  may  be  found  in  the  other  viscera.  In  a 
large  number  of  sarcomata  of  the  kidney  both  striped  and  uustriped 
jtiitscular  fibre  are  found  (myxosarcoma).  The  presence  of  such 
structures  in  the  tumors  is  regarded  by  many  pathologists  as  evi- 
dence of  a  disturbed  embryonic  formation,  but  Orth  thinks  that  it 
is  possible  that  these  muscular  growths  may  develop  from  the 
muscular  fibre  of  the  urinary  tract.  Such  tumors  are  usually  per- 
fectly encapsuled,  are  separable  without  much  difficulty  from  the 
surrounding  tissues,  and  are  not  associated  with  involvement  of  the 
Ivrnphatic  glands  or  with  secondary  growths  in  any  other  part  of 
the  body.      The  disease  is  limited  to  one  kidney. 

Angiosarcoma  may  be  found  in  the  kidney,  although  it  is  an 
ex  tremely  rare  growth.  The  kidneys  may  be  the  seat  of  metastatic 
sarcoma,  and  also  of  lymphosarcoma,  nodules  of  which  are  seen 
also  in  the  lymphatic  glands.  Gross  collected  in  1885  the  statistics 
of  33  cases  of  nephrectomy  for  sarcoma  of  the  kidney.  The  mor- 
tal ity  of  the  operation  was  57.  §y  per  cent.  Of  the  fourteen  survivors, 
rive  were  known  to  have  died  of  metastases  at  periods  varying  from 
five  to  eighteen  months ;  five  were  alive  and  well  at  the  end,  re- 
spectively, of  seventeen,  twenty-two,  twenty-three,  and  thirty-five 
months,  and  five  years.  Of  the  33  cases,  sixteen  were  children 
under  seven  years  of  age;  of  these,  seven  survived  the  operation. 
Of  these  seven,  one  was  living  at  the  end  of  four  mouths,  and  the 
otliers  died  of  recurrence  in  five,  six,  nine,  and  eighteen  months, 
respectively.  In  one  of  the  cases  that  died  secondary  deposits  were 
found  in  other  organs.  An  analysis  of  the  adult  cases  shows  that 
seven  of  the  seventeen  recovered,  and  five  were  well  at  the  end  of 
tliirty-one  and  a  half  months,  on  an  average.  From  these  data 
Ofoss  concludes  that  nephrectomy  for  sarcoma  in  children  should 
not  be  performed,  but  that  in  adults  it  is  eminently  justifiable,  as  it 
apparently  cures  29.41  per  cent,  of  the  cases. 


4.  Sarcoma  of  Bladder. 


Sarcoma  of  the  bladder  is  an  extremely  rare  affection.  The  dis- 
^^se  is  seen  more  often  in  childhood  or  in  youth  than  at  other 
periods  of  life.  Hinterstoiser  in  a  collection  of  20  cases  of  sarcoma 
of  the  bladder  found  five  in  persons  under  twenty  years  of  age. 
x*here  were  six  cases,  however,  between  the  ages  of  fifty  and  sixty. 
Tie  disease  occurs  more  frequently  in  males  than  in  females,  thir- 
teen of  these  cases  being  males.  Some  of  the  tumors  are  round- 
cell  sarcomata,  and  they  bear  a  close  resemblance  to  the  lympho- 


three  years  of  age.     The  tumor  sprang  from  the  anterioi 
bladder,  by  the  contraction  of  which  it  was  forced  into 
whence  it  pushed  its  way  into  the  vagina,  distended  th 
dilated  the  os  uteri. 

In  88  cases  of  tumor  of  the  bladder  collected  by  Alb 
eight  were  carcinoma,  three  were  sarcoma,  and  sevc 
benign  tumors.  Secondary  sarcoma  is  occasionally  f< 
bladder.  Fenwick  in  an  examination  of  600  cases  of  ti 
bladder  found  but  five  that  were  really  secondary  (direi 
of  a  tumor  into  the  bladder  not  being  included),  and  o 
were  sarcoma.  Cabot  reports  a  case  of  tumor  of  tht-  j 
bladder  seen  secondary  to  sarcoma  of  the  testis. 

5.  Sarcoma  of  Uteris. 

Sarcoma  of  the  uterus  springs  from  the  mucous  m 
from  the  body  of  the  uterus.  In  the  latter  case  sarco 
seem  to  be  developed  from  a  previously  existing  fibroi 
both  forms  round  cells  are  found,  but  in  the  sarcoma 
of  the  uterus  may  also  be  seen  spindle-cells.  Many  obi 
reported  the  presence  of  giant-cells. 

Sarcoma  of  the  mucous  membrane  appears  earlier 
carcinoma,  sometimes  even  before  puberty,  and  coi 
often  in  women  who  have  not  borne  children.  It  is  si 
crally  in  the  body  of  the  uterus  and  rarely  in  the  cen 
lated  or  polypoid  growths  are  usually  developed,  and 
may  become  ulcerated.  In  both  cases  there  is  consider 
trophy  of  the  uterus-wall,   w 
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or  striped  muscular  fibre,  may  be  observed  in  these  growths,  and  Orth 

reports  a  case  in  which  both  forms  of  muscular  fibre  were  observed. 

The  mural  sarcomata  or  fibrosarcomata  are  found  in  the  wall  of 

the  uterus,  and  chiefly  in  the  body  rather  than  in  the  cervix.     They 

are   combined  with  muscular  cells,  the  sarcomatous  cells  usually 

being  situated  at  the  centre  of  the  growth,  as  if  a  fibromyoma  had 

ndergone  a  sarcomatous  change.     These  tumors  resemble  more  or 

in  their  coarse  appearance,  the  uterine  fibroids,  and  they  are 

often  found  in  the  interior  of  the  uterus  as  a  polypoid  tumor  (Orth). 

In  some  cases  these  sarcomata  appear  not  as  isolated  growths, 

but  as  infiltrations  of  the  uterine  wall.     They  are  chiefly  composed 

of  round  cells,  and  they  are  often  soft  and  medullary.     Some  of 

the  uterine  sarcomata  may  attain  immense  size.     Gusserow  reports 

the  case  of  a  woman  fifty-one  years  of  age  with  a  sarcoma  the  size 

of  a  child's  head,  which  tumor,  on  being  expelled  from  the  uterine 

cavity,  proved  to  be  a  round-cell  sarcoma.     Some  of  the  sarcomata 

are  exceedingly  vascular,  and  they  resemble  angiosarcoma.    Others 

closely  resemble  carcinoma,  but  they  are  probably  endothelioma. 

Metastatic  deposits  are  not  often  found,  and  less  frequently  in 
the  diffuse  forms.  The  retroperitoneal  glands  may  be  affected,  and 
metastases  may  be  found  in  the  lungs,  the  liver,  the  pleura,  and 
the  adjacent  organs,  and  the  bladder  and  vagina  may  be  affected 
by   direct  extension  of  the  disease. 

As  the  disease  progresses  cachexia  becomes  very  marked,  and 
death   usually  occurs  from   peritonitis,   pyaemia,  or  intestinal  ob- 
struction.    The  progress  of  the  disease  is  slow,  many  cases  having 
been  observed  in  which  the  disease  existed  ten  years  before  death. 
Operative  interference  rarely  effects  a  cure.     A  few  doubtful  cases 
have  been  reported  as  permanently  cured.     The  growth,  however, 
usually  returns  after  operation.     In  50  cases  reported  by  Rogivue, 
three  appear  to  have  been  cured;  in  thirty-two  return  of  the  disease 
>was  known  to  have  taken  place;  and  in  all  but  two  cases  this  return 
occurred  within  a  year  after  the  operation. 

6.  Sarcoma  of  Testis. 

Sarcoma  of  the  testis  is  much  commoner  than  carcinoma.  It 
occurs  during  both  childhood  and  middle  life,  and  even  in  old  age. 
It  has  been  seen  in  a  child  five  months  old  and  in  a  patient 
seventy  years  old.  It  is  occasionally  observed  to  follow  a  blow, 
but  more  frequently  it  occurs  without  any  known  cause.  It  is  an 
interesting  fact  from  an  etiological  point  of  view  that  it  is  not 
infrequently  seen  in  both  testicles.  Laughans  has  collected  15 
it 


sarcoma  may  be  a  large-  or  a  small-cell  growth,  and  it 
contain  giant-cells.  Alveolar  sarcoma  is  not  iufrequentl; 
Many  of  the  small-cell  sarcomata  probably  belong  to  the  I 
sarcomata.  It  is  this  varietv  winch  is  most  liable  to  attai 
testicles  and  which  is  most  malignant  Cartilage,  myxo 
tissue,  and  unstriped  muscular  cells  are  sometimes  f . . 
sarcoma  of  the  testis.  The  round-cell  variety  is  seen  mot 
in  children.  Occasionally  the  disease  assumes  the  form 
angiosarcoma  or  a  pi  ex  i  form  sarcoma. 

The  disease  appears  to  take  its  origin,  in  the  majority  o 
in  the  posterior  portion  of  the  testicle  or  in  the  epididyi 
cord.  Kocher  observed  three  cases  in  which  the  disease  b 
the  epididymis.  If  the  testis  is  first  involved,  the  growth  t 
as  a  nodular  tumor  inside  the  organ,  which  it  gradually  d- 
When  the  growth  has  attained  considerable  size  the  I 
testis  is  often  seen  spread  out  over  the  tumor  in  a  thin  layer 
epididymis  retains  for  some  time  a  well  defined  outline 
posterior  wall  of  the  tumor.  Finally  the  tunica  albugii 
comes  involved  and  is  merged  in  the  sarcomatous  growl 
the  tunica  vaginalis  may  follow  in  the  same  way.  A  kyt 
or  even  a  hematocele,  may  occasionally  develop  during  the 
of  the  disease.  Nodular  enlargement  of  the  cord  is  often  o 
as  the  disease  progresses. 

The  disease  begins  as  a  painless  enlargement  of  the  t 
which  may  exist  for  many  years  before  a  rapid  growth  take: 
It  is  quite  difficult  to  make  a  diagnosis  between  sarcoe 
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it  in  adults  the  disease  may  last  from  eight  or  nine  months  to 

of3e  or  two  years.     In  the  great  majority  of  the  cases,  according  to 

l^cxrrier,  the  disease  returns  after  operation ,   either  locally  or  in 

d£^ta.nt  organs.     One  or  two  cases  of  undoubted  permanent  cures 

a_j-^      reported   in  children,   and  numerous  cases  of  immunity  for 

ge-v"eral  years  are  reported  in  adults. 

17.  Sarcoma  of  Breast. 
<5arcoma  of  the  breast  includes  nearly  all  the  various  forms  of 
sarcoma.  Round-cell  sarcoma  appears  usually  as  a  medullary 
CT-rowth,  and  Billroth  describes  such  a  form  in  a  girl  nineteen  years 
of"  age.  In  this  case  there  were  striated  spindle-cells,  showing  the 
development  of  striped  muscular  fibre  in  the  tumor.  In  a  case  of 
round-cell  sarcoma  of  the  breast  which  the  writer  examined 
microscopically  the  growth  appeared  to  develop  around  the  walls 
oT   the  blood-vessels. 

Cases  of  lymphosarcoma  are  occasionally  mentioned,   and  also 
alveolar  sarcoma.     The  great  resemblance  of  the  alveolar  type  of 
sarcoma  to  carcinoma  has  doubtless  caused  it  to  be  mistaken  fre- 
quently for  the  latter  disease.    Billroth  reports  a  case  of  alveolar  sar- 
coma which  assumed  a  melanotic  type.    In  this  case  pigment-moles 
existed  on  the  face  and  back  before  the  development  of  the  tumor, 
and  metastatic   deposits   formed   soon   after   the   removal   of  the 
breast.     Giant-cell  sarcoma  is  found  also  in  the  breast,  usually  as 
an  alveolar  sarcoma.     It  is,  however,  a  rare  form  of  the  disease. 
Spindle-cell  sarcoma  is  seen  in  the  variety  known  as  cysiosarcoma, 
"This  is  the  commonest  form  of  sarcoma  of  the  breast.     As  a  rule, 
t-nese    growths,    with    the    exception    of    the    cystosarcoma,    are 
u  iiattached  to  the  gland,  but  they  push  it  aside  and  compress  it. 
While   the   round-cell   sarcomata   are  soft  and  medullary,  the 
Spindle-cell   sarcomata  are   firm,  and   in   places  fibrous,  and  are 
clotted  over  with  the  numerous  little  cysts  caused  by  a  distortion 
of  the  glandular  tissue  of  the  breast.     Some  of  these  cystic  tumors 
contain  portions  that  are  myxomatous,  and  cretaceous  material  and 
some  bone  have  been  found  in  them.     The  cystosarcomata  often 
$grow  to  enormous  size.      In  many  cases  the  skin  over  the  tumor  in 

I  the  different  forms  of  sarcoma  becomes  involved  and  a  hernial  pro- 
trusion of  the  growth  takes  place. 
The  commonest  seat  of  the  disease  is  beneath  the  nipple,  but  when 
it  develops  at  the  circumference  of  the  organ  it  is  usually  in  the  upper 
and  inner  quadrant.     The  central  growths  are  usually  cystic. 
Sarcoma  differs  markedly  from  carcinoma  in  that  it  is  found  wl 
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early  life.  In  60  cases  collected  by  Gross,  eight  appeared  betwco 
the  ages  of  ten  and  twenty  years;  ten  appeared  between  twentj 
thirty  years;  twenty-three  appeared  between  thirty  and  forty  years 
and  thirteen  appeared  between  forty  and  fifty  years.  Spindle-cell  sat 
coma  develops  earlier  in  life  than  round-cell  sarcoma.  The  giant-eel 
sarcoma  alluded  to  above  appeared  in  the  forty-second  year.  Thi 
rate  at  which  these  tumors  grow  varies  greatly.  The  small-ce! 
tumors  develop  as  a  rule  more  rapidly  than  spindle-  or  giant-cell 
growths. 

During  its   progress  the  tumor  remains  mobile  and  free  fror* 
attachments.     If  the  skin  is  not  perforated,  it  remains  natural  i 
color.    When  the  tumor  attains  considerable  size,  which  is  the  ca^ 
in  cystosarcoma,  the  subcutaneous  veins  may  be  enlarged,  and  rn^ 
give  to  the  growth  a  much  more  malignant  appearance  than 
really  has,     The  nipple  is  usually  not  retracted.     The  lympha^ 
glands  are  rarely  affected,  and  the  contrast  in  this  respect  bet 
sarcoma  and  carcinoma  is  very  striking. 

In  regard  to  the  prognosis  of  sarcoma  of  the  breast,  Gross. 
his  accustomed  enterprise,  collected   156  cases  of  the  disease,  ^: 
data  of  which  throw  much  valuable  light  upon  this  poinL     TT^ 
reputation  of  sarcoma  in  this  situation  had  been  that  of  a  compel 
tively  benign  tumor.     The  growth  was  supposed  to  show  a  dec 
tendency  to  recur  after  operation,  but  the  generalization  of  s-^: 
growths  was  supposed  to  be  comparatively  rare.     The  local  in  ^ 
tion  of  structures  adjacent  to  the  mammarv  gland  is  indeed  exc^^ 
ingly  rare,  but  Gross  found  metastasis  to  be  much  commoner 
was  supposed  to  be  the  case.     The  prognosis  appears  to  be  in  4ft; 
enced  materially  by  the  age  of  the  patient  and  by  the  size  and    ri< 
rate  of  increase  of  the  tumor.    Before  the  age  of  thirty-five,  when  the 
mammary  gland  is  functionally  most  active,  a  small,  slowly-gro* 
sarcoma  does  not  return;  but  a  rapidly-increasing  tumor,  espec 
the  cystic  variety,  is  thought  by  Gross  to  be  very  liable  to  re 
After  this  period  the  danger  of  metastasis  increases  with  ad\ 
age.     "A  sarcoma  occurring  in  a  functionally  active  breast  1 
a  marked  disposition  to  recur  after  operation,  with  less  disposition 
to  metastasis,  while  a  sarcoma  of  the  declining  breast  recurs  lea 
frequently,  but  is  generalized  in  a  greater  number  of  instances." 

The  round-cell  sarcoma  is  said  to  be  the  most  Dl&lignanl 
the  cystosarcoma  recurs,  according  to  Gross,  in  more  than  one-half 
of  all  the  cases.     The  good  reputation  of  this  growth  mar 
by  numerous  writers  is  doubtless  due  to  the  close  resemblance  of 
sarcoma  to  fibroma  of  the  cystic  type.     Notwithstanding  frequent 
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►  *2urreuce,  the  removal  of  the  tumors  as  fast  as  they  appear  seems 
-^  prolong  life.  Krichseu  in  1859  removed  the  breast  for  a  cysto- 
s^m^  -^"coma,  and  operated  five  times  for  the  recurrent  growth  between 
.£-»  ^t  date  and  1866,  the  patient  dying,  some  years  after  the  last 
ration,  of  another  disease.  S.  D.  Gross  in  1857  enucleated  from 
<  left  breast  a  small  tumor  which  proved  to  be  a  spindle-cell  sar- 
ma.  Between  that  date  and  1862  the  patient  underwent  twenty- 
e  operations.  Ten  years  and  nine  months  after  the  last  opera- 
n  she  was  in  perfect  health. 

According  to  Gross,  sarcoma  has  a  greater  tendency  to  metastasis 
•1  a  an  has  carcinoma;  but  this  statement  the  writer  hardly  believes 
lc>  be  correct,  for  it  is  based  upon  the  supposition  that  in  carcinoma 
11  metastases  are  found  post-mortem  in  only  fifty  per  cent,  of  the  cases. 
C^  ross  estimates  the  average  life  of  round-cell  sarcoma  at  fifty-four 
months,  of  spindle-cell  sarcoma  at  ninety  months,  and  of  giant* 
ccrll  sarcoma  at  one  hundred  and  eight  months.  It  appears  from 
an  analysis  of  the  data  offered  by  Gross  that,  although  sarcoma 
of  the  breast  has  a  decidedly  malignant  tendency,  surgical  inter- 
vention prolongs  life,  and  it  probably  results  in  permanent  recov- 
ery. The  patient  may  be  considered  safe  from  recurrence  of  the 
disease  if  four  years  have  elapsed  since  the  last  operation. 

8.  Sarcoma  of  the  Air-passages. 

Sarcoma  of  the  tonsil  is  a  much  more  common  disease  than  has 
usually   been   supposed.       In    Boston   alone   quite   a   number  of 
operations  have  been  performed  for  this  affection,  that  of  Cheever 
by  the  external  method   being  the  first  recorded  operation  of  its 
kind.     Cases  have  also  been  reported  by  Homans  and  Richardson. 
An  unrecorded  case  was  operated  upon  successfully  by  Porter.    The 
writer  also  had  one  case,  not  reported,  the  patient  dying  about  one 
Week  after  the  operation.     Newman  mentions  ten  cases  observed 
by  himself,  and  he  succeeded  in  collecting  (1892)  52  cases  of  sar- 
coma of  the  tonsil.     Of  these,  nine  were  stated  to  be  round-cell 
Sarcoma   and  eighteen   were  called   "lymphosarcoma."      A   case 
examined  microscopically  by  Gray  proved  to  be  alveolar  sarcoma. 
The  disease  is  stated  by  Butlin  to  attack  males  principally,  and 
"between  the  ages  of  twenty  and  sixty  years.     As  several  cases  of 
disease  of  both  tonsils  are  reported,  it  is  probable  that  a  certain 
percentage  of  the  cases  belong  to  the  family  of  lymphosarcoma. 
Cases  of  spindle-cell  sarcoma  have  been  reported. 

The  slight  enlargement  of  one  of  the  tonsils  usually  causes 
the  patient  to  present  himself  for  treatment.     TV\«t  vs.  \\q\\\vcv^ 
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iu  the   local    appearance   at  this   time   to  suggest    the   presence 
of  malignant  disease  if  the  description   of  reported    cases  may 
be  trusted.     Presently  the  tonsil  begins  to  grow  rapidly  :  it  pro-*^ 
jects  toward  the  median  line,  and  at  the  same  time  the  anterioiw^ 
pillar   of  the    fauces   and   the   soft    palate  become   reddened  anu 
infiltrated.      By  this   time  it  will  be  found  that  there   are  othe*^ 
nodules  than  that  of  the  original  tumor.     Growths  may  be  olp" 
served  below  in  the  pharynx,  and  others  may  be  felt  externally  ~ 
the  cervical  region.     Glandular  infection  appears  to  occur  earl^ 
and   it   is  sometimes  quite   extensive.     In  the   case    upon  whi 
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the  writer  operated  a  row  of  retropharyngeal  glands  on  the  afTecfcssMerf 
side  were  exposed  and  removed. 

As  the  disease  progresses  swallowing  and  articulation  beco  — »—. 
difficult,  and  occasional  attacks  of  dyspucea  are  observed.  Mcg^.|, 
static  deposits  have  been  observed  in  the  lungs,  the  liver,  the  n  >,. 
enteric  glands,  the  intestine,  and  the  peritoneum.  Death,  h^c^w. 
ever,  probably  takes  place  in  most  cases  before  the  disease 
become  generalized,  owing  to  the  exhaustion  of  the  pi 
strength  by  local  complications.  These  growths  have  been  :c 
moved  through  the  mouth  by  knife,  by  e"craseur,  or  by  galv^^ 
cautery,   and   through  the  neck  by  external   incision. 

The  prognosis  of  the  early  operations  seems  to  have  been  I 
unsatisfactory,   due  probably  to  the  fact   that  the  nature  of 
malady  had  not  been  recognized  sufficiently  early   to  enable  the 
surgeon  to  obtain  a  satisfactory  result.     Butlin  meutions  two  cases 
in  which  there  had  been  no  return  at  the  end  of  one  and  l\\ 
respectively.     Cheever  says:    "So   far  as  I  know,  recurrence 
taken  place  in  all  my  cases  in  from  four  to  six  months.     It 
occurred  usually  in   the  glands  of  the  neck — once  on  the  ! 
I  believe  I  have  now  operated  four  times,  always  with  ten.; 
relief  and  good  recoveries    from  the  operatiou.,,     Homos' 
was  reported  well   eighteen  months  after  operation,  ami  R: 
son's   case  was   in  perfect  health  five  titer   the  operation. 

Suffocation  may  be  produced,  not  only  by  the  growth  of  the 
but  also  by  hemorrhage,   which  is  a  common  acconi] 
malignant  disease  of  the  tonsils. 

Sarcoma  of  (he  larynx  is  a  comparatively  rare  disease, 
not  often  seen  in  childhood,  but  it  is  an  affection  of  middle  and 
advanced  life.  In  13  cases  collected  by  Wasserman,  two  occurred 
Ijetween  ten  and  nineteen  years  of  age,  two  between  twenty  and 
thirty,  and  eight  between  forty  and  sixty.  Most  of  the  cases  we 
found  in  ma\esN  at  least  three  times  as  many  males  as  females  being 
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:acked.  Nearly  all  the  varieties  of  sarcoma  are  said  to  be  found 
re.  Butlin  mentions  the  spindle-cell  sarcoma  as  the  principal 
m,  but  round-cell,  giant-cell,  and  alveolar  sarcomata  have  been 
served. 

Sarcoma  of  the  larynx  generally  originates  in  the  subcutaneous 
;ne,  grows  slowly,  and  does  not  attain  a  very  large  size.  It 
st  frequently  originates  in  the  interior  of  the  larynx,  and  princi- 
ly  upon  the  vocal  cord  or  on  the  ventricular  band,  as  irregular 
leroidal  masses,  smooth,  nodulated,  mammillated,  or  even  sonie- 
at  dendritic.  Thence  the  growth  may  extend  outward  by  infil- 
tion>  penetrating  not  only  the  membranous,  but  even  the  car- 
tginous,  framework  of  the  larynx  f Cohen).  It  is  sometimes 
8$>ly  ulcerated,  like  cancer,  and  at  other  times  it  is  covered  with 
normal  or  congested  mucous  membrane.  The  epiglottis  may 
»  be  the  seat  of  sarcoma. 

The  glands  are  usually  unaffected,  and  in  this  respect  the  prog- 
sis  of  the  disease  is  more  favorable  than  that  of  carcinoma. 
iCTe  does  not  appear  to  be  any  tendency  to  metastasis.  Death 
lally  takes  place  from  obstruction  of  the  air- passage  before  the 
twth  reaches  a  sufficient  size  to  lead  to  generalization  of  the 
sase. 

A  number  of  operations  for  excision  of  the  larynx  for  sarcoma 
-•e  been  performed  in  which  the  patients  have  been  reported  well 
*  and  two  years  after  the  operation,  and  one  case  has  been 
ted  as  well  ten  years  after  the  operation. 
rcoma  of  the  nasal  passage  is  not  a  very  rare  disease.  Bos- 
irth  collected  forty-one  cases.  The  round-cell  and  alveolar  forms  of 
•coma  seem  to  be  the  prevailing  types  of  growth.  Fibrosarcoma 
tl  myxosarcoma  are  seen,  and  also  angiosarcoma  and  melanosar- 
na.  The  disease  occurs  as  a  pediculated  tumor  attached,  with 
jut  equal  frequency,  to  the  outer  and  the  inner  wall  of  the  nasal 
ity.  The  average  age  at  which  the  disease  appears  is  about  forty 
trs,  and  it  is  seen  about  equally  in  males  and  in  females.  The 
ease  does  not  appear  to  show  the  same  malignant  tendencies  in 
:  nasal  passage  that  it  does  in  other  localities.  Many  of  the 
sorted  cases  were  well  without  recurrence  several  months  after 
\  operation.  The  single  case  seen  by  the  writer  was  that  of  an 
\  woman  from  whom  he  removed  a  sarcomatous  polyp  with  the 
d  wire-snare.  The  tumor  was  so  large  that  it  could  not  be 
:racted  without  turning  back  the  left  ala  nasi.  She  made  a  good 
overy,  and  was  then  lost  sight  of. 
Nasopharyngeal  polypi  are  often   sarcomatous,  although  they 
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may  be  examples  of  almost  pure  fibroma.  These  growths  occur 
most  frequently  in  males  at  about  the  age  of  puberty.  They  grow 
from  the  base  of  the  skull,  often  originating  in  the  retromaxi! Ian- 
fossa,  whence  they  send  out  prolongations  into  the  nose,  the 
pharynx,  and  beneath  the  zygoma.  The  sarcomatous  va: 
this  tumor  may  be  a  spindle-cell  sarcoma  or  a  myxosarcoi 
times  it  is  highly  vascular,  and  cases  of  death  from  hemorrha 
have  not  infrequently  occurred  during  attempts  at  removal, 
very  curious  feature  of  this  growth  is  that  it  shows  a  markc 
tendency  to  disappear  at  the  period  when  the  skeleton  becoi! 
fully  ossified,  although  it  frequently  recurs  before  that  period  afte 
operation.  According  to  Bosworth,  the  disease  may  occur 
later  iu  life. 


Tlie  writer  has  operated  i  n  several  eases  of  sarcoma  in  this  region  in  yotit*- 
men.     In  the  first  ease  the  disease  was  limited  to  the  nasopharynx  and 
tumor  projected  from  the  nostril.     Frequent  hemorrhages  had  much  rednc— -^ 
the  patient.     The  growth  was  removed  with  the  galvano-cautery  loop,  ano^-i, 
proved  to  be  a  myxosarcoma      For  two  or  three  years  after  the  opera: 
fragments  of  tumor  were  removed  by  Dr>  Hooper  from  the  pharynx.    FiiMdt^ 
one  day,  when  the  patient  had  been  sent  for  to  consider  the  question  of 

plastic  resection  of  the  jaw,  it  was  found  that  the  gTOWttl  fa 
peared.     The  writer  saw  the  patient  several  years  later  and  found  him  in 
feet  health.    A  second  patient  applied  with  a  similar  growth  which  i 
rounded  the  upper  jaw  and  had  appeared  beoeaUa  the  gvgomft.     The  f 
accordingly  performed  Lamjenbeck's  osteoplastic  resection  of  the  jaw,    °-»i 
ing  for  him  two  or  three  years  later,  the  writer  found  that  in  the  mean  0^^rn 
he  had  had  two  other  operations  performed — one  through  the  jaw  and         m 
through  the  soft  palate  :  a  recurrence  had  taken  place  after  the  last  op 
tion.  but  the  growth  was  then  diminishing  in  size      The  polled  rega 
himself  as  well.     A  third  case  was  operated  upon  recently  by  the  rumim. 
plastic  method. 


Sarcoma   occurs   occasionally    in   the   soft  palate  as   a   rot* 
alveolar-,   spindle-cell  sarcoma  or  myxosarcoma.     Melanotic  ^r. 
coma  has  also  been  seen  here.     It  usually  begins  on  the  side 
extends  across  the   palate.       The   neighboring  fefr 

invaded.     It  occurs  either  early  or  late  in  life.     It  seems  to  have* 
tendency  to  remain  encapsulated  in  main    instances,   and  uj*ra. 
tions  for  its  removal  have  been  successful.     In   17  cases  operated 
upon  death  occurred  in  seven;  in  eight  cases  a  cure 
(Bosworth). 

Sarcoma  is  found  also  in  the  pharynx,  where  it  is  said  to 
develop  during  middle  life.  Histologically,  the  disease  does  not 
differ  essentially  from  the  diseases  above  mentioned.      It  000 
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iriost  frequently  in    a   pediculated    form,   and    the  prognosis  after 
operation  is  quite  favorable. 


9.  Sarcoma  of  the  Digestive  Tract. 

Sarcoma  of  tin  stomach  is  a  rare  occurrence.  Torok  mentions 
\  case  in  which  he  performed  resection.  The  patient  was  a  female 
twenty-one  years  old.  The  tumor  was  quite  firm  and  of  the  size 
of  a  fist.  It  proved  to  be  a  lymphosarcoma.  A  case  of  cystic 
sarcoma  is  mentioned  among  the  cases  for  which  a  resection  of  the 
pylorus  was  performed  by  Billroth,  Brodinsky  reports  a  case  of 
tiiyosarcoma  growing  from  the  greater  curvature  of  the  stomach. 
T*he  tumor  weighed  twelve  pounds,  and  it  lay  between  the  layers 
0f  the  omentum.  Cavities  were  found  in  it  varying  in  size  from  a 
walnut  to  a  child's  head.  An  ulcer  the  size  of  a  hand  was  seen  in 
tlxe  interior  of  the  stomach  at  the  point  at  which  the  tumor  took 
it-s  origin.  The  muscular  layer  of  the  stomach  was  much  thick- 
ened, and  a  large  portion  of  the  tumor  was  made  up  of  a  growth 
of  unstriped  muscular  fibre-cells.  There  were  also  spindle-cells. 
PC ovules  of  the  same  character  were  found  in  the  liver.  This  and 
sl  case  of  Eberth's  of  myosarcoma  of  the  kidney  were  at  the  time 
tlie  only  reported  cases  of  secondary  myomatous  growths.  In 
l£ berth's  case  the  metastasis  was  in  the  diaphragm. 

Sarcoma  of  the  intestine  is  exceedingly  rare.  Baltzer  collected 
fourteen  cases  of  undoubted  primary  sarcoma  of  the  intestine. 
They  were  nearly  all  males  (92.8  per  cent.),  and  the  disease  oc- 
cvnred  chiefly  between  the  ages  of  forty  and  fifty  years.  In  the 
majority  of  cases  the  growth  was  reported  to  be  a  small  round-cell 
s^reorna.  The  disease  appeared  to  develop  from  the  mucosa  or  the 
svibmucosa.  It  seems  to  be  a  peculiarity  of  these  growths  that  they 
<ic  not  cause  intestinal  obstruction.  In  4  cases  resection  of  the 
**3testine  was  attempted,  with  death  in  two  cases.  The  result  of 
tie  operation  in  the  other  two  cases  was  not  reported.  Spindle- 
Oell  sarcoma  is  reported  by  Lcichtensteru   and  also  by  Edwards. 


10.  Sarcoma  of  Brain. 

Sarcoma  of  the  brain  may  occur  as  a  primary  or  as  a  secondary 
growth.  Primary  sarcoma  of  the  brain  appears  either  as  a  hard  or 
ss  a  soft  tumor,  and  it  is  usually  flat  or  wedge-shaped.  The 
former  variety  was  originally  called  by  Virchow  "  fibrosarcoma/ 1 
and  many  of  the  denser  forms  of  tumors  are  genuine  fibromata. 
In  many  cases  the  cells  abound,  particularly  spindle-cells,  and  in 
some  of  them  the  intercellular  substance  has  an  almost  cartilagi- 
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nous  hardness.     These  types  are  linn,  translucent,  and  of  a  gray 
ish  or  a  yellowish-white  color  (Knapp). 

The   softer   form   may  be   a   spindle-cell   sarcoma   purely  or 
myxosarcoma  or  gliosarcoma  or  a  small  round-cell  sarcoma. 
latter  is   the   most   malignant   of  the   sarcomata   m    * 
except  the  melanotic  form.     It  shows  in  sections  a  moist  m 
white  surface.     Stellate  and  giant-cells  are  occasionally  found  i- 
these  growths,  and  many  sarcomata  are  distinctly  polymorpho-; 
their  cell-structure.     Some  forms  are  highly  vascular  and  preset 
appearances    known    as    angiosarcoma.       Sarcoma    is    some" 
easily  separable  from   the   surrounding   cerebral   tissue;   in  oth 
cases  it  seems  so  continuous  with  the  cerebral  substance  that 
appears  as  a  simple  enlargement  of  the  same. 

Sarcoma   of    the   brain    shows    a    tendency   to    undergo   fa 
degeneration  which  may  produce  an  appearance  strong! 
ive  of  a  gumma.     It  appears  to  develop  from  the  pial  sheaths. 
the  vessels,  and  it  is  known  to  occur  at  all  periods  of  life.     M^ 
static  deposits  from  primary  sarcoma  of  the  brain  are  not  report 
but   occasionally  multiple   growths  occur   within  the  brain  *. 
appear  to  have  originated  from  a  single  nodule.     Sarcoma  of 
pia  mater  may  occur  in  that  membrane  as  a  diffused  growtf  i 
endothelial  origin,  which  growth  mav  spread  itself  over  a  I^tr 
surface,    causing  a    thickening   of  the   membrane   which   ex^mf, 
inward  along  the  pial  sheaths  of  the  vessels  of  the  brain  and  tfj 
cord.      Ordinary   types  of  sarcoma  and  myxosarcoma  may,    ho* 
ever,  develop  from  the  pia  mater. 

IO.    LVMPHOSA  EtO  'MA. 

Lymphosarcoma  is  a  disease  to  which  various  names  have  been 
applied,  as  is  usually  the  case  in  affections  whose  true  nature  u 
obscure  and  in  those  which  are  confounded  with  other  allied  affec- 
tions.    It  is  known  also  as  malignant  lymphoma  -tmk&mia, 
and  Hodg kin's  disease.     It  may  be  denned  as  a  disease  character- 
ized  by  an  enlargement  of  the  lymphatic  glands  and  by  the  forma- 
tion of  lymphatic  tissue  in  the  spleen,  the  liver,  the  kidm 
intestine,  and  the  lungs — more  rarely  in  other  orgaus  as  a  diffused 
infiltration  of  the  tissues  of  the  body — and  by  marked  UlflEtoJa  and 
the  absence  of  leucocytlucmiu.     Owing  to  its  name,  a 
the  impossibility  of  classifying  it  with  any  other  group  of  t 
it  seems  best  to  place  it  in  the  same  chapter  with  sarcoma. 

It  has  been  customary  to  recognize  among  tu 
phatic  glands  the  enlargements  due  to  tuberculosis,  svpiu 
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Iier  infectious  diseases;  the  enlargements  due  to  leucoeythseuiia 

which  is  a  greatly  increased  number  of  white  corpuscles  in  the 
Dod;  the  multiple  tumors  of  lymphosarcoma;  and,  finally,  simple 
pertrophy  of  the  lymphatic  glands  due  to  some  of  the  above 
ises  to  which  the  term  lymphoma  has  been  applied.  This  term, 
ginally  used  when  the  knowledge  of  the  etiology  and  classifica- 
n  of  these  various  affections  was  much  more  imperfect  than  it  is 
present,  must  now  be  dropped  if  it  is  intended  to  apply  it  in 
y  other  sense  than  as  an  enlargement  of  a  lymphatic  gland,  no 
itter  what  the  cause,  as  those  cases  which  were  supposed  to 
cupy  an  independent  position  under  the  name  of  lymphoma  or 
mphadenoma  can  now  be  classified  under  some  one  of  the  other 
adings. 

The  lymphatic  tumors  which  are  so  prominent  a  feature  of 
mphosarcoma  are  composed  of  the  tissue  of  the  lymphatic 
fends.  The  lymphoid  cells  are  found  supported  in  a  delicate 
ticulum.  According  as  one  or  the  other  of  these  structures 
edouii  nates,  there  will  be  a  difference  in  the  consistency  of  the 
mors  :  a  hard  and  a  soft  variety  have  been  distinguished. 
The  soft  lymphatic  tumors  are  almost  fluctuating,  and  they  con- 
n  a  considerable  amount 
fluid,  which  flows  when 

tumor  is  cut  open.     The 

surface  shows  a  grayish- 
lite  substance  equally 
tributed  over  the  growth  , 
that  there  is  no  distinc- 
itt  between  cortical  and 
cdullary  portions.  The 
mph -cells  are  enormously 
creased  in  number  (Fig. 
•4).      The    harder   tumors 

e  a  yellowish  color  and 


:y  are  dryer  and  tougher. 
le  capsule  is  much  thick- 
?d,  and  there  are  numer- 
5  fibrous   bands    running 

,      , ,  — ,.  FtG.  104, — Retroperitoneal  Lymphosarcoma,  show- 

rousjh   the   tumor.      These  .        „        ,  . 

*»  ing  cells  and  stroma. 

>wths   very  rarely   spread 

ond  their  capsules,  and  they  do  not  undergo  cheesy  degeuera- 
Suppuration  is  known  to  occur,   but  it  is  extremely  rare, 
he  disease  usually  begins  in  the  cervical  glands^  wh\cl\  oCte.Uk 
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become  enormously  enlarged.     One  side  of  tl  is  chief! 

affected,  and  a  large  number  of  glands  grow  and  foRB  a  swelluv 
filling  otit  the  side  of  the  neck  and  causing  a  great  defortni; 
105).     The  glands  do  not  run  together  into  a  single  mass,  but  xh 
are  movable  upon  one  another,  and  can  be  shelled  out  separate* 
The  writer  removed  in  this  way  as  many  as  forty  glands  from 


FIG.  105. — Lymphosarcoma  (Warren  Museum,  Sp.  4635). 

neck  of  a  boy.  The  axillary,  inguinal,  retroperitoneal >  bronchial, 
mediastinal,  and  mesenteric  glands  become  enlarged,  usually  in  the 
above  order  (Gowers).  The  spleen  is  enlarged  in  the  inaj- 
cases,  and  in  some  instances  it  is  almost  the  only  gland  affected. 
The  tonsils,  the  thymus  gland,  the  papilla?  of  the  tongue,  ami  the 
follicles  of  the  intestinal  mucous  membrane  are  also  affected.  In 
cases  described  by  Flexner  there  were  very  few  glandular  tnmors, 
but  the  structure  of  the  mucous  membrane  of  the  intestinal  canal 
had  largely  been  destroyed  and  replaced  by  lymphoid 
one  of  the  reported  cases  the  mucous  membrane  of  the  duodenum 
was  of  a  dead-white  color:  it  was  infiltrated  uniform  I  v  v 


>aque  white  material,  and  was  marked  here  and  there  with  small 
osions  and  superficial  ulcerations. 

Sessile  and  polypoid  tumors  are  sometimes  found  in  the 
}inach,  and  a  portion  of  the  wall  of  this  organ  may  be  traus- 
rined  into  a  continuous  infiltrated  mass  of  the  disease.  Occa- 
>nally  the  medullary  tissue  of  bones  may  undergo  a  lymphoid 
ange,  and  may  become  like  the  red  marrow  of  children,  but  this 
not  always  the  case. 

Metastases  occur  often  in  the  liver  and  the  kidneys,  and  also  in 
5  lungs,  in  which  latter  location  they  have  been  mistaken  for 
r^ercle.  Large  growths  have  been  reported  occasionally  in  the 
rcliastinum.  The  trachea,  pleura,  peritoneum,  heart,  testicle, 
d  ovary  are  also  seats  of  the  disease.  In  fact,  there  is  hardly  a 
>t  in  the  body  which  may  not  be  involved  in  the  diseased  pro- 
*s.  The  place  of  its  origin,  however,  seems  to  be  the  lymphatic 
paratus. 

The  principal  symptoms  in  the  early  stages  of  the  disease  are 
>se  caused  by  the  glandular  enlargements,  which  are  chiefly  in 

*  cervical  region.  Usually  there  is  no  febrile  disturbance, 
t  occasionally  recurrent  elevations  of  temperature  have  been 
>orted.  The  blood  shows  diminution  in  the  number  of  red  cor- 
scles,  without  any  increase  in  the  number  of  white  corpuscles, 
ri  toward  the  end  of  the  disease  there  is  marked  anaemia  com- 
xed  with  cedema  and  a  tendency  to  hemorrhages.  If  the  patient 
es  not  succumb  to  complications  in  the  respiratory  apparatus 

•  in  pressure,  death  occurs  from  marasmus.  The  course  of  the 
»ease  is  usually  chronic,  and  it  may  sometimes  last  for  years, 
irely  the  symptoms  may  be  of  the  most  acute  type.  Flexner 
ports  the  case  of  a  girl  eleven  years  of  age  who  up  to  the  day  of 
er  death  had  shown  no  symptoms  of  the  disease.  Death  in  this 
ase  was  caused  by  cerebral  hemorrhage.  The  lymphoid  infiltra- 
kfflS  were  marked,   but  few  glandular  tumors  were  found. 

The  disease  appears  slightly  more  often  in  men  than  in  women, 
a  ioo  reported  cases  seventy-five  were  males  and  twenty-five  were 
males.  It  occurs  at  all  ages  of  life,  although  more  frequently  in  the 
uiy  half  of  life.  Occasionally  the  colon  bacillus  and  pyogenic  cocci 
ive  been  found  in  some  of  the  enlarged  glands,  but  the  presence 
'  these  organisms  is  not  constant,  and  it  seems  to  have  been  acci- 
rntal.  They  may  account  for  those  exacerbations  of  temperature 
hi  eh  are  found  itt  certain  cases. 
Flexner's  studies  lead  him  to  believe  that  in  this  disease  there 
a  toxic  substance  capable  of  producing  profound  degenerative 
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changes  in  certain  tissue-elements  of  the  body.     He  observed  cer 
tain  bodies  in  the  lymphoid  tissue  that  possibly  may  belong  to  th 
kingdom  of  the  protozoa.    They  are  certainly  foreign  to  the  tissue* 
in  which  they  are  found,  and  are  not  to  be  regarded  as  altered  cc|| 
or  as  nuclei  in  the  usual  sense.     They  are  round,  oval,  or  slight^ 
irregular  in  shape,  and  consist  of  a  rim  of  protoplasm  which  sta^ 
faintly  in  eosine,  and   each   cell   contains  a  particle  that  stains 
haematoxylin.     The  stained  particles  in  the  interior  of  the  pro^. 
plasm  are  round,  oval,  or  crescentic.     These  bodies  are  not  c^^ 
tained  within  other  cells.     They  are  much  smaller  than  the  tiss>v 
cells  among  which   they  are  found,  and  they  do  not  exceed  o>«; 
third   to   one-half  the   size  of  a  red  blood-corpuscle.     They     ^ 
distributed  irregularly  in  the  diseased  areas  in  the  tissues,  and. 
occasional  organism  may  be  seen  in  parts  adjacent  to  the  affec-*. 
areas.     They  have  been  found  in  the  stomach,  the  intestines,    ^ 
liver,   and  the  kidneys.     In  this  connection  the  ob-  xm 

Wagner   on   the  peculiar  disease  affecting  the   cobalt-miners 
Schneeberg  are  of  unusual  interest.     All  persons  working  in  tli^ 
mines  for  a  number  of  years  become  affected  with  a  disease  of    ^ 
lungs   characterized   by   the   formation   of  nodules,    which   yri-v 
slowly  and  often  reach  considerable  size,  metastatic  de|  ,J*~i 

ing  in  other  organs.     In  other  localities,  where  the  same  metals  ^ 
mined  as  in  Schneeberg,  the  disease  is  unknown.     It  has  been 
gested  that  the  disease  owed  its  origin  perhaps  to  the  water  dn*  ** 
in  the  mines.     The  probable  infectious  nature  of  lymphosarco^^ 
has  also  been  suggested  by  other  authors. 

The  only  drug  which  has  ever  had  any  effect  upon  this  fonn    of 
sarcoma  or  any  other  form  la  arsenic.     Fowler's  solution,  adnn: 
tered   in  doses  reaching  as  high  as  20  drops  a  day,  given  bvtfjf 
mouth  and  subcutaneous! y  and  as  parenchymatous  inje  iht 

tumors,  cured  a  certain  number  of  cases  of  lymphosarcoma 
case  of  an  old  man  with  a  sarcoma  of  the  neck  the  size  OJ 
cocoanut  the  use  of  Fowler's  solution  produced  a  temporary  rein 
able  diminution  in  the  size  of  the  tumor.     This  is  the  only  case  in 
which  the  writer  has  ever  obtained  any  decided  result  iV  >m  the  use 
of  the  drug. 

Some  few  years  ago  Fehleisen  experimented  with  cultures  of  the 
erysipelas  coccus,    inoculating  cases  of  sarcoma   and  carcinoma 
Several  tumors  were  made  to  disappear  in  this  way,  but 
or  two  fatal  results  had  been  obtained  by  certain  experimenters  the 
method  seems  to  have  been  abandoned  (p.  400). 

This  method  has  been  revived  by  Spronk  of  Utrecht  and  Coli 
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0{  New  York,  Coley's  attention  was  drawn  to  this  investigation 
after  observing  the  cure  of  a  case  of  inoperable  sarcoma  of  the  neck 
Ky  an  attack  of  erysipelas.  Since  1891,  Coley  has  been  investigat- 
ing the  antagonistic  action  of  erysipelas  cultures  upon  malignant 
owths,  more  particularly  on  sarcoma.  The  first  series  of  cases 
re  ten  in  number  (six  sarcoma,  four  carcinoma),  and  they  were 
treated  by  means  of  repeated  injections  of  pure  living  bouillon  cul- 
tures. In  but  four  of  these  cases  was  actual  erysipelas  produced, 
although  cultures  of  marked  virulence  were  used.  In  two  of  the 
cases  where  erysipelas  did  occur  the  tumor  disappeared  completely 

the  one  three  years  and  the  other  two  years  later — and   both 

patients  are  alive  and  in  good  condition  at  the  present  time.     Most 
of  the  other  cases  showed  more  or  less  improvement. 

To  avoid  the  dangers  of  an  attack  of  erysipelas,  Coley  experi- 
mented with  the  toxines  alone,  made  with  bouillon  cultures  steril- 
ized by  subjecting  them  to  a  temperature  of  ioo°  C.  Of  this  fluid 
1  to  3  C.c.  were  injected  into  the  tumors,  with  the  effect  of  pro- 
ducing all  the  symptoms  of  actual  erysipelas;  which  symptoms, 
lio"\vever,  disappeared  within  twelve  to  twenty-four  hours.  The 
effect  upon  the  tumors  was  similar  in  character,  but  less  marked 
tli^iii  when  living  cultures  were  used. 

Cultures  prepared  without  heat  grown  three  weeks  in  bouillon, 
tli«L!Ti  filtered  through  porcelain,  and  preserved  by  the  addition  of 
trrymol,  were  next  used.  The  great  difficulty  lay  in  the  weakness 
of  the  preparation,  necessitating  the  injection  of  large  doses  to  pro- 
duce a  marked  reaction,  without  which  no  great  decrease  in  the 
size  of  the  tumors  occurred, 

Utilizing  the  principle  that  one  germ  frequently  has  the  power 
to  increase  the  virulence  of  another  when  associated  with  it — this 
^>eing  especially  true  of  the  bacillus  prodigiosus — the  toxines  of 
this  germ  were  prepared  in  a  similar  manner  and  used  in  conjunc- 
tion with  the  erysipelas  toxines  in  doses  of  .2  to  .5  C.c.  The  results 
were  satisfactory.  The  effect  was  not  only  to  intensify  greatly  the 
reaction,  but  careful  experiments  with  the  toxines,  singly  and  com- 
bined, in  a  large  number  of  cases,  confirmed  the  belief  that  the 
curative  action  of  the  erysipelas  is  likewise  greatly  enhanced  by 
the  prodigiosus. 


Coley  recently  reported  35  cases  of  inoperable  malignant  tumors  treated 
by  these  combined  toxines:  24  of  these  eases  were  sarcoma,  8  carcinoma,  3 
sarcoma  or  carcinoma.  In  5  cases  of  sarcoma  there  is,  according  to  him,  a 
reasonable  hope  of  permanent  cure,  and  in  most  of  the  others  there  was 
marked  improvement.     All  the  cases  were  inoperable,  and  in  all  the  diag- 
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nosis  was  confirmed  clinically  and  microscopically  by  eminent  surgeons  and 
pathologists.  During  the  past  year  the  proportion  of  the  toxines  h*Stg 
gTeatly  been  improved,  and  the  filtration  method  is  no  longer  used.  Bette^. 
results  have  been  obtained  by  utilizing:  the  toxines  contained  in  the  dcar^ 
germs  as  well  as  the  soluble  products,  and  experiment  has  shown  that  hejt^. 
ing  the  cultures  one  hour  at  580  C.  is  sufficient  to  render  tuera  sterile. 
Further  improvement  is  due  to  Mr.  B.  H.  Buxton,  who  suggested  growin^^. 
the  two  germs  together  in  the  same  bouillon.     (See  Appendi 

The  experience  of  many  prominent  surgeons  with  this  metli^^ 
of  treatment  has  not  been  satisfactory.  There  is  little  doubt  th^^ 
it  is  of  little  if  any  value  in  the  treatment  of  carcinoma.  T  -j 
fact  that  a  considerable  number  of  cases  of  sarcoma  have  be>^_^ 
benefited  by  this  treatment,  and  that  a  few  have  been  cur^^^ 
renders  it  desirable  to  experiment  further  in  this  direction. 


XXXI.    BENIGN    TUMORS. 

The  members  of  the  group  which  are  now  about  to  be  studied 
gjry  greatly  from  one  another  in  their  anatomical  peculiarities, 
ad  some  are  quite  complicated  in  their  structure.  They  possess 
n.e  characteristic,  however,  in  common — in  that  they  do  not  tend 
:>  -recur  after  removal.  Many  of  them  at  times  show  a  tendency  to 
ccome  malignant,  often  after  a  period  of  prolonged  quiescence, 
a  t  this  tendency  is  due  to  a  change  of  anatomical  structure  to  that 

rmibling  one  of  the  forms  of  malignant  tumors, 
i.  Adenoma. 
An  adenoma  is  a  tumor  consisting  of  new-formed  gland-tissue. 
2mite  a  number  of  tumors  are  classified  as  adenomata  by  some 
1.11th ors,  but  they  are  rejected  by  other  authors,  who  insist  that  the 
growth  must  consist  of  a  new  formation  of  gland-tissue  only;  so 
tli.it  there  is  at  present  much  confusion  as  to  the  precise  place 
wliich  many  tumors  should  occupy.  Many  small  growths  contain 
a  glandular  structure  which  is  clearly  nothing  more  than  hyper- 
trophy of  pre-existing  gland-tissue,  due,  probably,  to  an  inflamma- 
tory process,  and  they  should  not,  therefore,  be  regarded  as  adeno- 
mata. Many  of  the  cysts  that  form  in  glands  present  the  appear- 
ance of  a  tumor,  but  they  are  simply  the  result  of  an  obstruction 
of  the  gland -ducts.  A  classification  of  the  pure  adenomata  cannot 
he  attempted  beyond  the  general  statement  that  the  gland-struc- 
ttire  of  which  they  are  composed  consists  either  of  acini  or  of 
tubes,  as  one  or  the  other  of  these  component  parts  of  a  gland 
usually  predominates  in  the  new  growth. 

Adenoma  is  found  in  the  breast,  the  skin,  the  mucous  mem- 
branes, the  kidney,  and  the  liver.  It  is,  in  fact,  quite  widely 
distributed,  although  not  a  common  form  of  tumor.  The  typical 
adenoma  is  a  benign  tumor,  notwithstanding  there  are  certain  types 
°*"  growth  where  the  adenoma  seems  to  merge  into  the  carcinoma, 
ari*i  it  has  therefore  been  supposed  that  certain  forms  of  adenoma 
should  be  regarded  as  malignant.  These  growths  properly  belong 
***  the  category  of  cancer.  The  criterion  of  a  benign  adenoma  is 
47  wi 


738       SURGICAL   PATHOLOGY  AND    THERAPEUTICS. 


■ 


I 


the  presence  of  the  membrana  propria  which  separates  the  inves 
ing  epitheliuni  from  the  surrounding  connective  tissue.     Combi 
tions  with  other  forms  of  growth  not  infrequently  occur,  owing 
development  of  the  stroma   of  the   gland-structure.      There  a^  *° 
obtained  in  this  way  forms  known  as  adenoma  fibrosum^  tnyxop*,-^ 
iosum,    or  myxo-adenoma  and  fibro-adenoma^  as   they  are  calf^.* 
by  different  writers.     Cysto-adenoma  occurs  not  infrequently,  p&r_ 
ticularly  in   the  breast   and   the   ovary.      Adenoma   occurs  botj, 
as  a  congenital   tumor    and   as  one   developed   during   early  ;:■ 
but  it  may  also  be  found  occasionally  during  all  the  periods  o£ 
adult  life. 

Pure  adenoma  of  the  breast  is  a  rare  growth.  Gross  wasabl<< 
to  collect  but  eighteen  examples.  He  describes  it  as  an  ovoid  or  a 
nodulated  tumor  of  hard  consistence,  occasionally  cystic,  an 
limited  by  a  distinct  fibrous  capsule.  On  section  the  surfact  - 
milky-white   in   color   and   dotted    with   small   orifices.      It  a  a 

solitary  growth,  and  it  generally  originates  in  the  upper  and  inne^^et 
quadrant.  Its  development  is  slow,  and  it  does  not  attain  a  u\^_jgr* 
size.  When  examined  under  the  microscope  it  is  found  to  k^B~b< 
composed  of  ducts  or  of  acini  containing  an  epithelium  wbid 
usually  arranged  in  an  orderly  manner,  closely  resembling  ths.  «"ia 
seen  in  a  normal  gland. 

The  interstitial  tissue  of  the  mammary  gland  is  often  the  se^-^ac 
of  a  growth  that  gives  rise  to  tumors  of  considerable  size.  TlrfT-! 
gland-structure  found  in  these  tumors  is  always  a  prominent  fes>-sjiL 
ture,  but  many  writers  regard  them  as  belonging  to  the  fibroma*  jbH 
or  to  the  myxomata,  according  as  their  tissue  is  fibrous  or  mucoLW^xi 
in  character.  These  tumors  often  attain  great  size,  and  prtscrm:  -^n 
striking  peculiarities  which  have  attracted  much  attention,  opii*"  -in* 
ions  varying  greatly  as  to  their  character.  They  have  been  callfw  «f 
by  Paget  M  proliferous  cysts,"  and  the  terms  adenocele  and  /«/;— ~ 
canalicular  papillary  fibroma  have  also  been  applied  to  the 
They  are  seen  most  frequently  in  young  women  from  fourteen  to 
nineteen  years  of  age,  and  they  first  appear  in  the  upper  and  out-^er 
quadrant  of  the  breast.  Being  surrounded  by  a  capsule,  they  a.  x? 
more  or  less  movable,  and  they  appear  to  be  situated  just  l>eneatfc 
the  skin,  but  after  removal  a  deep  hole  is  left  in  the  maimti 
gland,  which  has  been  cut  into  in  many  places  during  the  operation. 
Occasionally  they  grow  to  immense  size.  These  tumors  arc  seen 
in  elderly  women,  and  they  have  taken  many  years,  perhaps  half 
a  lifetime,   to  develop.     A  recent  writer,   Schiminelr  i.'kd 

these  tumors  "  fibroadenoma,'1  and  this  name  seems  to  the  wntcr 
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most  appropriate,  for  there  can  be  no  doubt  that  there  is  a  consid- 
erable  new  formation  of  gland-tissue.     The  cut  surface  is  most 
characteristic,  showing  a  lobulated  growth  dotted  over  with  numer- 
ous small  and  tortuous  slits.      Occasionally  this  formation  is  a  most 
complicated  one,  and  numerous  papillary  growths  may  be   turned 
out  from  cyst-like  cavities.     This  formation  is  apparently  due  to 
the  peculiar  way  in  which  the  fibrous  tissue  has  developed.    Micro- 
scopically, there  is  found  a  fibrous  tissue  surrounding  these  glandu- 
lar cavities,  which  are  lined  with  a  more  or  less  columnar-shaped 
epithelium  (Fig.  106).     It  is  not  always  possible  to  say  beforehand 


r% 


Fi<..  106. — Fibroadenoma  of  Breast  (oc.  4,  obj.  A.). 

whether  the  growth  in  question  is  or  is  not  a  benign  one,  as  the 
interstitial  tissue  is  occasionally  sarcomatous  (cystosarcoma).  The 
"Writer  has  removed  quite  a  number  of  such  tumors,  but  has  never 
observed  a  recurrence. 

Schimmelbusch  also  describes  as  cysto-adenoma  a  diffused  en- 
largement of  the  mamillary  glands  studded  with  numerous  small 
cysts  containing  a  dark-colored  fluid.  Both  breasts  are  said  to  be 
affected  in  the  majority  of  cases.  His  description  corresponds  with 
that  condition  usually  described  as  chronic  mastitis  with  cyst-forma- 
tion. As  the  epithelial  structures  of  the  gland  actively  participate 
in  the  growth,  as  may  be  shown  by  a  careful  microscopical  exam- 
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whicli   are   usually  of  congenital  origin.     According  to  Crocker, 
the    clisease  is  often  found  on   the  persons  of  epileptics,  and  its 


1 


Fig.  107. — Diffuse  Hypertrophy  of  the  Breast. 

VCV\^    nature  is  frequently  overlooked.      This  variety  of  adenoma 

{OT-ins  roundish,  convex  papules,  ranging  from  a  pin-point  in  size 

XO    that  of  a  split  pea;  these  are  often  bright  crimson  in  color,  and 

^.Vieyare  not  infrequently  associated  with  small  fibromata,  such  as 

-re  seen  in  the  M  dotage'1  of  the  skin  of  old  people. 

Adenoma  is  found  occasionally  in  the  salivary  and  in  the  lach- 
rymal glands.  The  writer  has  seen  a  very  perfectly- formed  ade* 
noma  in  the  parotid  gland  :  it  was  about  the  size  of  a  hen's  e^g, 
a_nd  quite  soft  in  structure,  differing  markedly  in  this  respect  from 
the  ordinary  parotid  tumors.     Small  miliary  multiple  adenomata 

■  are  also  found  in  the  liver. 
Adenoma  of  the  kidney  is  found   usually  in  the  cortical  sub- 
stance, and  it  is  about  the  size  of  a  bean  or  a  cherry,  and  often   is 
very  much  smaller.     It  is  usually  yellowish  or  broww  m  caitat.,fettA 


accessory  adrenal  glands  situated  between  lobes  of  kic 
The  new-formed  cells,  like  the  cortical  cells  of  the  adr> 
contain  large  drops  of  fat.  These  tumors  are  soft  and 
ish  in  color,  and  they  appear  to  be  separated  from  tl 
kidney-tissue  by  a  capsule.  They  are  often  highly  v. 
contain  clots,  the  result  of  hemorrhage,  which  when  ab 
lo  the  formation  of  cysts:  as  myxomatous  degeneration 
place  in  them,  the  whole  tumor  may  in  this  way  be  cor 
a  mass  of  debris  containing  fat  and  cholesterin.  Under 
scope  sections  of  these  tumors  show  glaud-like  struc 
with  polygonal  cells  containing  fat-drops. 

Adenoma  of  the  testis  is  a  comparatively  rare  gro1 
usually  combined  with  the  formation  of  cysts,  and,  i 
majority  of  cases  of  multilocular  cysts  of  the  testis  are 
in  adenomata.  The  tumor  appears  as  an  enlargement  c 
cle.  On  section  the  new  formation  is  found  to  be  lob 
to  consist  of  a  stroma  containing  cysts  and  gland-tubes 
usually  lined  with  a  cylinder  epithelium.  These  glan< 
tares  do  not  appear  to  be  characteristic  of  any  particul 
gland.  They  are  more  or  less  dilated  and  tortuous  cam 
ing  shapes  and  sizes.  Occasionally  they  are  filled  with 
epithelial  cells  heaped  upon  one  another,  giving  the 
of  the  epidermic  clusters  seen  in  epithelioma.  The  c 
appear  as  completely-closed  cavities,  but  they  cominun 
or  less  freely  with  the  glandular  structure  of  the  tutu 

Adenoma  of  the  testis  appears  to  spring  from  the  sei 
by  growths  of  the  epithelium  and  the  subjacent  stroma. 
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tain  a  mucous  fluid  with  gland-cells,  and  others  have  atheromatous 
contents  containing  particles  of  calcareous  matter  and  pavement 
epithelium.  There  is  found  also  cartilage  in  adenoma  of  the  tes- 
ticle. According  to  Langhans,  cartilage  forms  in  the  fibrous 
•  stroma  of  the  tumor.  Striped  muscular  fibre  has  also  been  ob- 
served. These  tumors  are  most  frequently  found  between  the  ages 
of  twenty  and  forty  years.  They  are  non-malignant,  and  they  do 
not  return  after  castration,  but,  inasmuch  as  cancer  is  sometimes 
found  in  combination  with  adenoina,  removal  of  the  testicle 
should  always  be  advised. 

Cyst  of  the  epididymis  is   known  as  spermatocele,  a  condition 

often  mistaken   for  hydrocele.     The  sac,  which  is  usually  quite 

large,  contains  a  milky  fluid  in  which  are  found  spermatozoa.     It 

i&      not  developed   from  any  glandular  new-formation,  but  it  is  a 

a    xPure  retention-cyst.     It  is  a  curious  fact  that  while,  in  the  male, 

c>-sts  are  found  more  frequently  in  the  epididymis  than  in  the  tes- 

f*'«=:le,  in  the  female  cysts  are  more  frequent  in  the  ovary,  while 

Tovarian  cysts  are  less  common.     Spermatocele  occurs  most  fre- 

.  ently   in  the  later  years  of  life. 

Mucous  polypi   may  contain  well-marked  adenomatous  strue- 

res.     Such  glandular  polypi  are  found  in  the  nose,  in  the  large 

destine,  and,  most  frequently,  in  the  rectum.     One  of  the  most 

-rfect  types  of  adenoma  which  the  writer  ever  examined  was  an 

lenomatous  polyp  removed  from  the  rectum  of  a  young  man. 

L2.   Goitre. 
The  names  goitre^  struma,   and   bronchocete  are  applied  indis- 
minately  to  all  tumors  of  the  thyroid  gland,  of  which  tumors, 
^--   *^>wever>  there  are  several  distinct  varieties,  among  them  being 
-  ~=^*zrue  adenoma,  which  therefore  deserves  a  place  here. 

»W61fler  gives  the  following  classification  of  thyroid  tumors: 
I.   Hypertrophy  of  the  thyroid  gland,  which  is  a  comparatively 
^^~are  disease.     It  may  occur  either  at  birth  or  at  the  period  of 
^Duberty  or  of  pregnancy,  and  it  consists  in  a  uniform  increase  in 
the  normal  glandular  tissue,  so  that  there  are  no  nodules  to  be  felt 
in  any  part  of  the  gland.     It  is  soft  to  the  feel,  and  when  vascular 
is  compressible. 

2.  Foetal  adenoma,  which  is  a  formation  of  gland-tissue  from 
the  remains  of  foetal  structures  in  the  gland.  It  may  exist  either 
as  a  single  circumscribed  nodule,  usually  firm  and  movable,  or  in 
numerous  nodules  varying  in  size  from  that  of  a  cherry  to  that  of 
an  apple.     It  develops  in  both  sexes  at  the  period  of  puberty. 
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i,  Gelatinous  or  interacinous 


Fig.  IoS. — Adenoma  of  Thyroid  Gland, 

>se  tumors  which  are  highly  v 
y  accompany  any  of  the  abov 


Fir..   109— Cystic  Goitre. 


adenoma,   which  consists  in  ^j, 
enlargement  of  the  acini  hi-. 
accnnuilation     of    colloid    m  ra- 
ter ial,   and    an   increase  e 
of  the  interacinous   tissue  by     * 
growth  of  round-cells  (Fig  io£  ?• 
This   form   appears    usually  i  ^* 
the  later  periods  of  life,  and  w- 
develops  rapidly  at  the  time  0^^ 
pregnancy  or  the  change  of  X\\t**-^* 
At  first  there  is  a  uniform  en — *" 
largemeut    of   the    gland,    but  - 
later  the  different  portions  grow 
unequally   and    the   gland  pre- 
sents     great      irregularity      in 
shape.     It  is  this  form  in  which 
cysts  are  frequently  found  (Fig. 
109), 

Wolfler  prefers   to   recognize 
clinically  as  a    special    v.r 
ascular,  although  this  condition 
e  forms.     With  the  increase  of 
vascularity  there  is  frequent- 
ly a  visible  pulsation,  and  a 
perceptible    bruit    is    heard 
through      the      stethoscope. 
The  tumor  may  preserve  the 
form  of  the  gland  and  have 
a    crescentic    or     horse-shoe 
shape,  or  it  may  be  cireui 
surrounding  com] 
trachea.     The  latter  form 
seen    in    congenital    goitre, 
and    it    occasionally    causes 
death  of  the  new-bora  child 
by  asphyxia.    One  lobe  mav 
enlarge  and  assume  var 
shapes,   or   the   tumor   may 
consist    of    a     single    < 
which    in   old  people  <> 
sionally    reaches    cc 
size. 


,^ 


■if 


Goitre  may  develop  in  unusual  and  unexpected  situations  in  the 

tkroat,  the  neck,  and  the  thorax.     This  mode  of  development  is  due 

to  tlie  displacement  of  portions  of  thyroid-gland  tissue  during  foetal 

life,  »*nd  such  lobes  are  known  as  accessory  glands.     Accordi ng  to  His, 

the  middle  lobe  of  the  gland  is  developed  in  a  tract  which  is  directly 

continuous  with  the  foramen  caecum  of  the  base  of  the  tongue,  and 

this    tract  is  still  frequently  marked  in  the  adult  by  the  so-called 

11  processus  pyramidal  is,"  a  continuation  of  the  middle  lobe  to  the 

hvoi<3  bone.      It  is  here  also  that   the  glandular   supra-  and  epf- 

hyoj<3eae  are  found.     Such  accessory  glands  may  also  be  found  in 

the    vicinity  of   the  aorta,   at  the  base  of   the  tongue  and  behind 

Wie     pharynx,  and  in  the  larynx  and  trachea. 


FlC.    iio — Accessory  Thyroid  Glnnd 
at  the  Hase  of  the  Tongue. 


Fig.   ui.~ 


-Section  of  Accessory  Thyroid 
Tumor. 


A  tumor  at  the  base  of  the  tongue  {Figs,  no,  Ell,  112)  was  removed  by  the 
-liter  from  a  woman  fifty-two  years  of  age.  She  first  noticed  a  lump  in  her 
^--*roat  thirty-two  years  before,  since  when  it  slowly  and  steadily  increase  1  in 
^•^-2e,  and  at  the  time  of  operation  it  was  about  the  size  of  a  heu's  tgg.  It 
^^^insisted  of  thyroid-gland  tissue.  No  return  was  reported  two  years  after 
^-lie  operation. 

Mucous  cysts  are  sometimes  found  in  connection  with  the 
J^landula  suprahyoidea.  They  are  lined  with  ciliated  or  pavement 
epithelium.  Retrosternal  tumors  form  as  the  result  of  a  down- 
ward growth  of  thyroid  tissue  from  the  isthmus. 

Goitre  occurs  both  in  man  and  in  animals,  and  it  appears  to  be 
independent  of  race.  It  may  be  either  sporadic,  endemic,  or  epi- 
demic.     Enderaically,  it  is  found  in  certain  mountainous  districts., 


Fir,.    iTj.^Thyreoglossal  Trad  (after  His):    T.,  tongue;    U.  J.,  under  jaw;    Tkrrac >., 
thoracic  cnviy,    £"/*.,  epiglottis;    //A',   hyoid  bone;  />,,  foramen  caecum;     7".Z..  trartas 

lingualis,;    Th,   TJi.,  thyroid  yland  ;    Thym,%  Ihymus  gland  j    Fa,  arytenoid  fold. 

in  women  than  in  men,  and  pregnancy  seems  to  be  a  not  infrequent 
cause.  Whether  the  micro-organisms  found  by  Klebs  and  Bischer 
in  water  are  in  reality  a  cause  of  the  disease  in  certain  cases  is  not 
yet  clear.  Acute  infective  diseases  are  not  without  their  influence 
in  the  development  of  thyroid  tumors,  as  they  have  been  observed 
to  form  after  malarial  fever,  diphtheria,  and  scarlet  fever.  Thyroid 
tumors  usually  grow  extremely  slowly,  but  occasionally  an  acute 
form  is  observed;  this  is  particularly  true  of  the  vascular  type. 
Goitre  may  prove  fatal,  owing  to  the  effect  of  its  growth  upon  the 
trachea,  the  cartilage  of  which  undergoes  degenerative  changes. 
In  this  way  it  becomes  softened,  and  is  easily  compressed  or 
twisted  on  its  axis  by  the  movements  of  the  head,  as  a  resu! 
which  sudden  death  may  take  place. 

Cysts  may  be  treated,  if  small,  by  injection  of  tincture  of  iodine. 
M .my  cases  of  adenoma  have  been  treated  successfully  bv  clectroJ- 
>  m's.  If  the  tumor  is  excised,  a  fragment  of  gland  tissue  about 
the  size  of  an  English  walnut  should  be  allowed  to  remain,  other- 
wise myxaedema  may  develop.  Closely  allied  to  myxoedc 
which  may  also  occur  idiopathieally,  is  cretinism,     l  m  is 

characterized  by  idiocy  and  imperfect  development  of  the  bones. 
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•particularly  marked  iu  the  skull.  Cases  of  myxedema  have  suc- 
cessfully been  treated  with  thyroid  juice.  The  parenchymatous, 
t>iit  tiot  the  cystic,  forms  of  goitre  sometimes  diminish  rapidly  in 
s£ze  under  the  use  of  preparations  of  sheep's  thyroid.  Five  grains 
a,  day  of  the  dried  gland,  or  about  one-third  of  one  lobe,  is  a  suit- 
ftble  dose  to  begin  with.  Some  patients  can  take  a  much  larger 
quantity  with  benefit,  but,  on  the  other  hand,  a  remarkable  sus- 
ceptibility to  the  toxic  effects  is  occasionally  present. 

It  is  important  to  say  a  word  about  the  relation  between  ordi- 
nary  goitre  and  that  form  characterized  by  the  signs  and  symptoms 
of  the  so-called  "Graves's  disease"  or  "exophthalmic  goitre, " 
though  the  subject  is  so  complex  that  only  the  broad  outlines  can 
be  indicated.  It  is,  in  the  first  place,  noteworthy  that  ordinary 
goitre  is  apt  to  be  attended  with  nervous  symptoms,  of  which 
tachycardia,  or  a  tendency  to  palpitation,  is  the  chief.  It  is  a 
matter  of  great  doubt  what  is  the  relation  in  which  goitre  and 
nervous  symptoms  stand  to  each  other.  Wette  thinks  that  local 
nerve-irritation  plays  an  important  part,  but  he  rather  inclines  to 
a  tlieory  which  has  been  advanced  of  late  (Moebius  and  others)  that 
an  increased  or  perverted  thyroid  secretion,  acting  as  a  poison,  has 
**>   do  a  good  deal  with  the  production  of  the  symptoms  of  typical 

f  raves' s  disease. 
If  the  matter  is  looked  at  from  another  side,  it  will  be  found 
**  *st  Graves's  disease  is  strongly  associated  with  other  neuropathic 
c*^>»ditious,  and  that  it  occurs  under  conditions  of  nervous  excite- 
11  *«lt  Some  writers  (Greenfield;  Maude)  believe  that  even  when 
S-T-aves's  disease  arises  through  nervous  excitation  thyroid-poison- 
**"*  jj  forms  an  important,  if  not  a  necessary,  factor.  This  theory  is 
*^<z>t  yet  substantiated  or  even  made  highly  probable,  and  the  more 
^^uservative  view  is  that  the  enlargement  of  the  thyroid  is  on  the 
^^.nie  plane  with  the  otiier  symptoms  in  the  first  instance,  but  that 
1 t  may  become  secondarily  a  source  of  mechanical  irritation  or  of 
I>oisoning,  or  both. 

Thyroidectomy  has  been  performed  more  than  fifty  times  within 
the  past  few  years,  mainly  by  German  surgeons,  for  the  relief  of 
Graves's  disease.  The  eventual  results,  on  the  whole,  are  very 
encouraging,  but  severe  symptoms  are  apt  to  show  themselves 
duriug  the  first  days  after  operation,  occasionally  leading  to  death. 
It  is  probable  that  the  extreme  irritability  of  the  nervous  centres 
of  these  patients  makes  thyroidectomy  a  more  serious  operation 
than  in  cases  of  ordinary  goitre.  Putnam  suggested  that  these 
symptoms  may  be  due  in  part  to  poisoning  with  a  thyroid  secre- 
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tion  squeezed  out  during  the  operation  and   the  healing  of 
wound. 

The  writer  has  operated  upon  two  cases  of  exophthalmic  gQZmm 
In  the  first  the  temperature  rose  to  1060  the  first  evening,  an«3       ./' 
pulse  to  204.     On  removing  the  dressing  a  small  quantity  of  ^  jj,-. 
roid  juice  was  found  upon  it.    The  wound  healed  by  first  intentf 
and  the  patient  was  benefited  by  the  operation.     In  the  second  e 
no  bad  symptoms  followed  the  operation  at  first,  but  on  11k 
day   the  temperature,  which  had  been   normal,   suddenly  rose,  t  bfi 
pulse  became  extremely  rapid  and  weak,  and  the  patient  died  iss  a 
few  hours.      All  the  cases  of  glandular  and  cystic  goitre  which  t_  lie 
writer  has  operated  upon  have  recovered  without  bad  symptoim-*s, 
although  occasionally  an  acceleration  of  the  pulse  has  been  noticr^d 
for  a  few  days. 


3.   Cystoma. 


Cysts  of  the  ovary   were    formerly  supposed  to  be  develop*  ^<j 
from  a  Graafian  vesicle  by  distention  of  such  a  cavity  with  flu -id. 
Such  dropsical  effusion  may  occur  to  a  limited  extent  partly  as  t_  fje 
result  of  inflammatory  conditions.     Small  cysts  may  develop  also 
in  the  corpus  luteum.     True  cystoma  is,  however,  epithelial      jn 
origin,  and  in  many  cases  it  begins  as  an  adenoma.      It  is  de\ 
oped  from  an  ingrowth  of  epithelium  into  the  stroma  of  the  ovarv, 
very  much  in  the  same  way  that  the  Graafian  vesicle  is  formed 

There  are  two  principal  varieties  0  .    the  si: 

cystoma  or  cysto-adenoma,   and   the   papillary  cystoma.     In   the 
wall  of  the  simple  cystoma  are  numerous   follicular  depressions 
lined  with  cylinder  or  ciliated  epithelium,  and  near  them  are 
cysts  lined  with  similar  epithelium.     By  this  ingrowth  of  epithe- 
lium into  the  wall  of  the  cyst  new  cysts  may  be  developed  and  the 
tumor  may  become  multilocular.     Parts  of   the  tumor  may 
tinctly  be  adenomatous  instead  of  cystic.     Such  growths  are  occa- 
sionally found  in  the  walls  of  large  cysts  or  in  the  septum  between 
two  cysts.     The  papillary  cystoma  is  characterized  by  the  presence 
of  a  warty  or  papillary  growth  into  the  interior  of  the  cyst.     1" 
growths  show  the  greatest  difference  in  their  development,    TU 
wall    of    the   cyst    may  be   covered   with    numer. 
tumors,  or  the  cyst  may  be  filled  with  a  cauliflower  mass,     hi 
cases  the  outer  surface  of  the  cyst  is  covered  with  a  similar  growth. 
There  may  also  be  an  ingrowth  of  the  epithelium  into  the  stroma 
and  glandular  structures,  thus  producing  a  combination  of  ade- 
noma with  papilloma.     The  epithelium  of  the  papillary  cystoma 


stially  ciliated  epithelium.  Occasionally  a  limited  metastasis 
aund,  the  peritoneum  being  studded  with  papillary  growths. 
las  been  suggested  that  these  papillary  growths  may  develop 
n  the  parovarium,  as  they  are  often  found  within  the  broad 
.merit,  but  it  is  probable  that  in  the  majority  of  cases  they 
in  ate  in  the  same  way  as  the  simple  or  glandular  cystoma. 
Hie  material  contained  in  the  cysts  may  vary  greatly  in  color  and 
:onsistence.  It  is  usually  of  a  mucous  character,  but  it  may  be 
itinous.  It  appears  to  be  developed  from  the  cells  that  line  the 
I  of  the  cyst,  and  it  is  either  a  product  of  their  secretion  or  it 
-  be  the  result  of  degenerative  changes  in  the  cells.  The  cells 
'  undergo  not  only  colloid  degeneration,  but  also  fatty  degen- 
ion  and  necrosis.     Necrosis  of  the  cyst-wall  may  take  place, 

sometimes   suppuration    may   occur.       Calcareous  degenera- 

of  the  cyst-wall  is  also  observed.  It  is  probable  that  cys- 
a  of  the  ovary  is  not  of  foetal  origin,  but  that  the  epithelial 
vths  from  which  they  are  developed  may  begin  at  any  period 
ife. 

>varian  cysts  are  for  the  most  part  beuign,  but,  as  has  been 
i,  the  papillary  form  may  be  accompanied  by  peritoneal 
*rths.  The  papillary  growths  in  the  cyst  may  break  through 
appear  as  cauliflower  excrescences  on  the  surface,  and  in  this 
•  there  may  be  a  gradual  metamorphosis  into  a  carcinoma, 
ts  of  the  broad  ligament  are  not  of  new  formation,  but  they 
caused  by  an  accumulation  of  secretion  in  the  gland-tubes  of 
[parovarium.  They  develop  probably  from  the  remains  of  the 
Iflian  bodies. 

?he  ovary  at  times  also  contains  cysts,  which  are  either  in  part 
ire  wholly  made  up  of  dermoid  structures.  These  cysts  may 
tain  only  dermal  structures,  or  a  great  variety  of  tissues  may 
found  in  thein,  such  as  bone,  teeth,  cartilage,  muscle,  or 
pous  membrane,  glands,  nerves,  etc.  Tumors  of  the  latter 
s  are  called  "teratoma.'* 

Phe  commonest  forms  are  the  dermoid  cysts  and  the  simpler 
is  of  teratoma.     They  are  usually  found  on  one  side,  but  they 

occur  simultaneously  in  both  ovaries.  They  are  usually 
Her  than  the  adeno-cystoma,  growing  not  larger  than  an  apple 
rst,  but  they  may  occasionally  reach  the  size  of  a  man's  fist  or 
1.  Several  varieties  can  be  recognized,  according  to  the  more 
^ss  complicated  nature  of  their  construction.     The  epidermoid 

has  a  wall  of  connective  tissue  lined  with  epidermis,  but  it 
esses  no  other  attribute  of  the  skin.     The  contents  in  this  case 
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[nctly,  epidermic  scales,  which  may  be  rolled  up  in 

5r  are  more  or   less  soft  or  soapy  i  j  ranee  (Q 

fnmoner  form  is  the  dermoid  cyst.     In  this  form  of  cyst 

'made  up  of  skin  containing  small  and  ill-defined  papi 

\\\   in  hair-follicles  and  sebaceous  glands.     Even  the  ere 


/. 


Fig.  113, — Dermoid  Cyst  of  Ovary,  showing  hair,  tooth,  and  adipose  tissue. 


li  muscle  and  the  sudoriparous  gland  are  often  found.  The  hair 
is  partly  free  and  partly  rolled  up  into  thick  balls,  or  it  is  still 
attached  to  the  walls.     A  large  mass  of  sebaceous  material  is  also 

und  in  these  cysts  (Fig.    113). 
The  simpler  forms  of  teratoma  are  dermoid  cysts  containing 
bone  and  teeth.     The  bone  appears  as  a  series  of  plates  in  the  wall 
of  the  cyst,  giving  to  the  touch  the  feel  of  an  infant's  head.     The 
teeth,   which   are   not  always  well  formed,   are  arranged    without 
order.     The  complicated  teratoma  may  contain,  in  addition  to  the 
above-mentioned  structures,  cartilage  and  glands,  such  as  mucou- 
and  salivary  glands,  mucous  membrane  with  cylinder  or  ciliated     / 
epithelium,  smooth  and  striped  muscular  fibre,  nerves  and  cerebri!    r  T^ff 
substances,   portions  of  eyes,  fingers  with  nails,  lnammx,  etc.     \tx  j 
is  probable  that  these  more  complicated  forms  of  cystic  growl!- j- 
liave  the  same  origin  as  the  cysto-adenoma  of  the  ovary,  and  :', 
remit  from  the  activity  of  the  germinal  cells  (Orth). 

The  growth  of  dermoid  cysts  is  slow,  and  they  are  general^ 
irst  observed  at  the  period  of  puberty,  although  not  infrequent"^ 
bund  in  young  children.      Combinations  of  dermoid  cyst  wi  r/, 
ideno-cystoma  are  occasionally  observed,     Thomson  reports  ac*sr 
>f  dermoid  cyst  of  the  bladder  containing  hair,  which  rp. 


BENIGN    TUMORS. 


751 


>ved.  It  was  a  pedunculated  growth,  and  it  was  undoubtedly 
sical,   and  not  expelled  from  some  ovarian  source  through  the 

nary  passages,  as  sometimes  occurs. 

Dermoid  cysts  are  found  also  in  regions  of  the  body  quite 
■note  from  the  ovary.  The  so-called  tl  orbital  wens"  are  true 
-  lusion  of  skin  of  a  congenital  origin,  as  are  also  some  of  the 
^.ts  in  the  neck.     Many  of  the  cysts  in  the  latter  region  are  due 

imperfect  closure  of  the  branchial  clefts,  and  they  have  been 
.led  by  Senn  "branchial  cysts.''  This  author  recognizes — i, 
xcous  cysts;  2,  atheromatous  cysts;  3,  serous  cysts;  and  4,  hae- 
ysts. 

Many  of  the  so-called  u  ranula  cysts"  about  the  base  of  the 
3gue  belong  to  the  class  of  mucous  cysts.  The  atheromatous 
sts  are  situated  near  the  hyoid  bone,  and  they  appear  as  tumors 
lging  out  from  beneath  the  lower  jaw.  They  do  not  contain 
ir  or  sebaceous  material,  but  they  are  filled  with  an  atheroma- 
's substance  containing  cholesterin  crystals.  The  cyst  is  of  the 
I  dermoid  type. 

The  serous  cysts  correspond  to  what  is  usually  known  as  hydro- 
le  of  the  neck.  These  cysts  are  single  or  are  multilocular,  with 
:Tiiu  membranous  wall  lined  with  pavement  epithelium.  They 
s  found  anywhere  in  the  neck,  within  the  area  of  the  branchial 
ifts,  between  the  lower  jaw  and  the  clavicle.  These  branchial 
•^ts  are  often  found  in  children,  but  are  not  infrequently  seen  in 
nits  also.  The  haematocysts  are  of  the  same  nature,  the  blood 
iagling  with  the  serous  contents  from  minute  hemorrhages  from 
c  cyst-walls. 


4.   Papilloma. 

Many  writers  place  this  form  of  growth  among  the  fibromata, 
it  certain  forms — particularly  those  seen  on  mucous  membranes — 
ive  so  marked  an  epithelial  character  that  it  would  be  incorrect 

recognize  the  stroma  as  the  characteristic  feature  of  the  disease, 
his  type  of  the  papilloma  is  found  in  the  papilke  of  the  skin  and 
e  mucous  membrane.  It  consists  of  a  papilla  containing  a  vas- 
ilar  connective  tissue,  arid  is  covered  with  epithelial  cells. 

The  connective-  tissue  portion  of  the  growth  may  consist  of  a 
stem  or  of  a  trunk  with  numerous  branches.  The  tissue 
ts  ordinarily  of  fibril lated  connective  tissue,  and  it  is  not 
frequently  infiltrated  with  small  round  cells.  The  vascular  sup- 
y  varies  greatly,  but  in  certain  forms,  such  as  the  villous  growth 
EMU  mucous  membranes,  it  may  be  very  abundant.     The  epithe- 
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Hum  covers  each  villus  separately,  but  occasionally  there  may  be 
an  epithelial  covering  extending  over  several  villi. 

There  are  two  forms  of  papilloma,  the  hard  and  the 
hard  form  occurs  on  the  skin  and  the  mucous  membranes, 
ordinary  wart  consists  of  hypertrophy  of  several  papillae  with  their 
epithelial  coverings.     It  need  not,  therefore,  strictly  speaking,  be 
called  a  papilloma,  as  there  is  no  new  formation  of  papilla?,  but  it 
is  usually  classed  with  these  growths.     The  venereal  wart  < condy- 
loma acuminatum)  is,  however,  an  example  of  a  true  papill 
growth.    The  hard  form  of  papilloma  is  found  in  the  mucous  man 
branes  upon  the  lips,  in  the  mouth,  the  uvula,  the  nasal  cavity,  i 
the  larynx,  the  urethra,  the  vagina,  the  labia,  the  cervix  uteri,  ait 
the  bladder.    It  has  a  firm,  well-developed  stroma,  and  it  is  001  tf 
with  layers  of  pavement  epithelium.     The  soft  papilloma  is  ch 
raeterized  by  the  formation  of  long,  delicate,   single  or  branche=rd 
villi,  the  surface  of  which  is  covered  with  a  cylinder  or  pavemetr 
e pi t helium  of  one  or  more  layers   in   thickness.      This  cylind^^K 
may  cover  several  villi,  and  may  give  to  the  surface  of  the  growcz^tfi 
a  smoother  appearance  than  is  seen  in  the  more  typical  velvet 
villous  tumors.     These  growths  may  spring  from  one  stem  or  thesi^ey 
may  be  multiple,  covering  a  large  surface  of  mucous  membran  «nc. 
They  are  very  vascular,  and  the  capillaries  have  ampulla-like  dil    M^li* 
tations,  which  account  for  the  extensive  and  repeated  heroorrha^'  ~^--ys 
that  are  liable  to  occur. 

The  soft,  villous  papillomata  are  found  in  the  bladder,  in  t" 
stomach  and   intestine,   particularly   in  the  colon  and  duodt-; 
( Rirch-Hirschfeld),  and  also  in  the  uterus.    Some  writers  1  -S*  •, 

those  papillomata  found  on  the  membranes  of  the  brain  from  *r  //p 
other   forms,  as   they   are  here  covered   with    endothelium.      1 
Pacchionian  bodies  are  the  types  of  this  variety;  they  are  founc?  tg 
the  parietal  region  and  also  at  the  base  of  the  brain.     Springing 
from  the  dura,   they  may  grow  into  the  venous  sinuses  |K1- 
Papillomata  growing  on  the  skin  and  the  mucous  membranes  nuv 
be  congenital  or  be  acquired.     They  appear  to  be  the   r 
latter  case  of  chronic  irritations,  as  catarrhal  affections. 

Papilloma  may  occur  at  any  period  of  life.     Watson,  in  a  col* 
lection  of  89  cases,  found  59  in  males  and  30  in  females. 
male,  21  cases  occurred  between  the  ages  of  sixty  and  sever 
35  between  the  ages  of  thirty  and  sixty.    In  the  female,  i7occund 
between  thirty  and  forty,  and  12  after  forty.     Papilloma  maybe 
multiple  or  single,  sessile  or  pediculated.     Thompson  d^ 
hard  variety  as  fibro-papittoma^  and  the  soft  form  as  fimbriated 


: 


papilloma.  He  reports  several  cases  of  fibro-papillomata  removed 
from  the  bladder  through  the  median  incision  in  the  male  and 
through  the  urethra  in  the  female,  all  of  which  cases  made  a  good 
recovery  with  permanent  cure.  The  tendency  of  papilloma  of  the 
bl  welder  to  bleed  is  one  of  its  most  marked  clinical  features.  Papil- 
loma of  the  bladder  may  be  combined  with  carcinoma,  in  which 
ca.se  characteristic  epithelial  cells  are  found  in  the  base  of  the 
ttarnor  in   the  bladder-wall. 

Papillomata  of  the  larynx  occur  more  frequently  than  all  other 
ins  of  benign  tumors  of  this  region.      They  are  situated   iu   the 
la.x~ge  majority  of  instances   on   the  vocal   cords,   usually  in   the 
ai^terior  portion  of  the  larynx.     In  rarer  cases  they  are  found  upon 
tli.«  ventricular  bands,  the  ary-epiglottic   folds,  and   the  epiglottis 
(X^osworth).     As  a  rule,  they  confine  themselves  to  the  supraglottic 
rxz>rtion  of  the   larynx  in   adult   life,    although    in    children    they 
Occasionally  extend  below  the  cords.     They  are  usually  sessile  in 
cliaracter,    though    occasionally   pedunculated.      They   may  occur 
singly  or  in   groups,  and  they  vary  in  size  from  a  millet-seed  to  a 
growth  more  or  less  completely  filling  the  supraglottic  laryngeal 
cavity.    They  become  a  growth  of  great  clinical  importance,  owing 
to  the  obstruction  which  they  offer  to  the  air-passages.     Papilloma 
of  the  soft  palate  and  the  uvula  may  occasionally  grow  to  consider- 
able size,  but  it  does  not,  as  a  rule,  give  rise  to  serious  symptoms. 
Newman  describes  a  papilloma  of  the  oesophagus  situated  on  the 
anterior  wall   immediately   behind   the    cricoid   cartilage,    which 
papilloma   caused    during    life   considerable   obstruction    to   swal- 
lowing. 

5.  Fibroma. 

Fibrous  tissue  occurs  in  nearly  all  tumors,  and  in  some  it  forms 
a  very  considerable  portion  of  the  growth,  as  in  the  tumors  already 
described.  It  occurs  as  a  mixed  form  with  other  growths,  as  in 
myxoma,  sarcoma,  neuroma,  etc.  Fibroma  occurs  in  two  principal 
forms,  which  correspond  in  character  with  the  two  varieties  of  con- 
nective tissue  found  in  the  body — namely,  the  hard  and  the  soft  or 
areolar  fibroma  (Birch-Hirschfeld). 

The  hard  fibroma  consists  of  bundles  of  fibres  closely  packed 
together,  interspersed  with  numerous  connective- tissue  corpuscles. 
The  relation  in  the  number  of  cells  to  the  intercellular  substance  is 
characteristic  of  this  tumor  (Fig.  114).  When  the  cells  begin  to  ex- 
ceed in  number  the  intercellular  substance,  there  are  presented  con- 
ditions approaching  those  found  in  sarcoma.    A  fibroma  is  usually  a 

48 
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well-defined  nodular  growth,  showing  a  tough  tissue  when  cut  °p«Ltjw^ 
and  containing  very  few  blood-vessels,  and  is  situated  principally  irr     ^ 
the  subcutaneous  cellular  tissue,  in  the  connective  tissue  of  thesku>^    "     ^ 
of  the  muscles,  periosteum,  nerve-sheaths,  and  serous  membrane^- 


^- 


Fibrous  tumors  occur  in  the  interstitial  tissue  of  organs,  such 
the  kidney,  the  female  breast,  and  in  the  liver,  the  spleen, 
the   ovaries.     Many  of  the  polypoid   growths   found   on   muc 
membranes  must  be  regarded  as  fibromata. 

One  of  the  commonest  seats  of  fibroma  is  the  skin.     The  wa 
growths,  although  largely  composed  of  fibrous  tissue,  are  usual 
classified  with  the  papillomata.    A  variety  which  has  lately  excit« 
much  attention  is  seen  in  the  multiple  fibromata  of  the  skin.    Tb« 
occur  sometimes  in  enormous  numbers,  covering  nearly  the  whe 
surface  of  the  body,  and  associated  with  them  are  often  pendulo* 
tumors  of  considerable  size.      Such  growths  in  the  skin  were  calh 
44 fibroma  molluscum  "  by  Virchow,  but  V.  Recklinghausen  call^^d 
attention  to  the  fact  that  these  growths  take  their  origin  fron: 
fibrous  sheaths  of  the  nerves  and  the  various  channels,  such  as  it. 
sweat-ducts  and  the  hair- follicles.     In  his  opinion,  many  of  thcr— ^e 
tumors  should  be  regarded  as  neurofibromata.    He  found  the  pap~31* 
Ian-  layer  of  the  skin  quite  unaffected-     In  many  of  the  cases  —CDf 
multiple  fibroma  reported  it  was  found  that  tumors  connected  u*i-   t/» 
the  nerve-trunks  also  existed.     Such  was  the  condition  found  ica   a. 
case  reported  by  Payue,  who,  however,  observed  no  actual  connect 


m  between  the  fibromata  of  the  skin  and  nerve-fibres.  Payne 
:plains  .he  coexistence  of  nerve-fibres  and  skin  fibroids  on  the 
opposition  that,  inasmuch  as  both  the  epidermis  and  the  nervous 
r-stem  arise  from  the  epiblast,  these  two  structures  have  a  deep- 
er frig  connection  which  makes  them  homologous  parts. 

Keloid  {yrtM^  a  claw),  which  is  a  fibroma  of  the  cutis  vera,  may 
e  velop  spontaneously  or  in  a  scar.  Two  varieties  are  recognized 
-the  true  and  the  false  keloid.  There  is,  however,  a  tendency 
nong  writers  at  the  present  time  to  disregard  this  distinction. 
rti^  keloid  has  always  been  considered  as  a  spontaneous  new  for- 
,3.tion  in  the  corium  independent  of  pre-existing  wound.  It  is 
_>w  supposed  that  true  keloid  may  take  its  departure  from  some 
in ute  scar  which  has  escaped   notice. 

The  typical  true  keloid  is  situated  over  the  sternum,  and  it 
►jp^ars  as  a  raised  elongated  growth,  frequently  with  claw-like 
olongations  at  either  end.  Its  surface  is  smooth  and  shiny,  and 
e  color  red  like  that  of  a  hypertrophied  scar.  It  grows  to  a  cer- 
in  point,  reaching  the  length  of  about  two  inches,  and  then  re- 
ains  stationary.  There  is  no  tendency  to  ulceration.  It  is  an 
:ti~cmely  rare  disease,  and  the  writer  has  seen  but  two  examples, 
^crording  to  Hebra,  it  is  found  once  in  two  thousand  cases  of  skin 
sease.  It  is  not  painful,  but  it  gives  rise  to  an  itching,  prickling 
rasation.  It  rarely  disappears,  and  if  excised  it  returns  promptly. 
^alse  keloid^  which  is  a  growth  similar  in  color  and  consistency 
t  rue  keloid,  develops  from  a  scar,  no  matter  in  what  part  of  the 
>dy.  It  varies  greatly  in  size,  and  it  may  be  of  any  shape.  A 
v-orite  seat  is  the  lobe  of  the  ear  after  puncture,  and  it  is  also 
•tatid  frequently  on  the  chest-wall.  It  occasionally  springs  from 
-ne-pustules,  and  in  this  case  it  is  multiple.  Keloid  is  said  to  be 
Jiind  rarely  on  the  mucous  membrane.  Verneuil  reports  a  case 
>£  keloid  of  the  conjunctiva.  Ziemssen  reports  the  case  of  an 
udividual  who  had  one  hundred  and  five  keloids. 

True  keloid  appears  to  be  a  disease  of  adult  life,  but  false  keloid 
"may  appear  at  any  age.  There  seems  to  be  a  keloid  disposition  in 
certain  families  and  individuals,  and  the  peculiarity  of  the  African 
race  in  this  respect  is  well  recognized.  False  keloid  grows  to  a 
certain  point,  remains  stationary  for  many  years,  and  finally  flat- 
us somewhat  and  becomes  paler.  In  negroes,  although  it  attains 
n usually  large  size,  it  is  said  eventually  to  disappear  entirely. 
Hutchinson  observed  in  a  negro  an  extensive  keloid  growing  in 
the  cicatrix  following  a  burn.  After  the  keloid  developed  Humer- 
us small  scars,  which  had  existed  before,  began  also  to  indurate. 
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This  occurrence  suggested  to  Hutchinson  the  probability  that  ii 
some  way  the  keloid  patch  had  shed  into  the  blood  infective  i; 
rial  which  had  the  power  of  developing  only  scar-tissue. 


FlC.    115. — True  Keloid  (longitudinal  section). 

Microscopically,  the  tumor,  both  in  true  and  in  false  keloid,  is 
found  to  be  composed  of  bundles  of  fibres  running  horizontal V 
some  little  distance  beneath  the  surface  of  the  corium  and  arranged 
parallel  with   the  long  axis  of  the  tumor.      In   true  keloid  the  p*" 
pillae  with  their  normal  covering  of  epidermis  are  seen  above  Ltie 
growth  (Fig.   115),  whereas  in  false  keloid  only  scar-tissue  exis- 
over  the  tumor.     In  true  keloid,  however,  when  there  is  cousid^^" 
able  pressure    from   growth  the  papillae  are   flattened  out.     T^^e 
fibrous  growth  so  characteristic  of  keloid  can  l>e  traced  to  the  wa^'s 
of  the  blood-vessels  in  the  vicinity.      It  is  probable  that  the  fibro^-115 
tissue  develops  from   the  outer  walls  of  the  blood- vessels,  as  ti^1* 
writer  has  been  able  to  observe  a  round-cell  growth  and  also  fu^^1' 
form  cells  in  the  adventitia.     As  bundles  of  fibres  in  this  way  for*"11 
around    the   arteries,   the   tissue  of  the   corium    is   gradually  con    ** 
pressed  by  them,  and  the  different  bundles  thus     liting  form  ll*  * 
keloid. 

The  origin  of  these  tumors  from  the  walls  of  blood-vessels  si: 
gests  the  possibility  of  the  existence  of  muscular  tissue  at  some  pc 
riod  in  the  development  of  these  growths,  and  it  is  not  improbable^" 
that  some  forms  of  keloid  may  be  classed  with  the  fibroin yotnata. 


BENIGN    TUMORS. 


757 


e  case  is  reported  of  a  spontaneous  growth  in  the  face  having 
tirned,  after  excision,  in  the  scar  and  in  the  points  of  suture, 
3  being  subsequently 
red  by  hypodermic  in- 
rtions  of  ergot 

Pendulous  tumors  occur 
the  skin,  and  they  some- 
ics  attain  a  large  size. 
ine  of  them  may  develop 
m  scars;  others  are 
jntaneous growths  which 
in  overlapping    folds. 

aely  allied  to  this  group 

tumors  is  dermatolysis, 
t    this    term   should   be 

plied    Strictly   tO   a    loose    Fla  n 6  .-Nasopharyngeal  Fibroma  (Sp.  !247-2,War- 

d  of  skin  containing  no  rea  Museum). 

rous  tissue. 

The  enormous  growths  of  elephantiasis  depend  upon  the  forma- 
►n  of  a  fibrous  tissue  similar  to  that  seen  iu  fibroma.  It  is,  how- 
er,  a  diffuse  growth,  with  an  etiology  peculiarly  its  own,  and  it 

not  now  classed  with  this  form  of  tumor. 

Some  forms  of  fibroma  arise  from  the  tissue  of  the  periosteum. 

striking  example  of  this  form  of  tumor  is  the  nasopharyngeal 
typ,  which  is  often  a  pure  fibroma  springing  from  the  base  of  the 
nil.  When  composed  of  fibrous  tissue  the  polyp  is  a  perfectly 
nign  tumor,  and  it  does  not  recur  after  removal.  The  aceom- 
.nying  illustration  (Fig.  116)  shows  such  a  growth  which  had 
volved  the  nasal  passage  and  the  pharynx  and  had  grown  out- 
ard  beneath  the  zygoma,  A  lobe  had  also  penetrated  the  antrum 
id  perforated  the  hard  palate.  It  was  therefore  so  intimately 
mnected  with  the  superior  maxilla  that  it  was  decided  to  excise 
at  bone.  The  patient,  who  was  a  boy  aged  fourteen,  has  re- 
ained  well  for  several  years  since  the  operation. 

Fibrous  polyps  are  found  also  growing  from  the  walls  of  the 
rge  intestine,  ta1  ug  their  origin  from  the  connective  tissue  of 
lesubmucosa.  1  ney  are  found  occasionally  also  in  the  rectum, 
nother  form  of  tumor  which  is  occasionally  fibrous  is  the  intra- 
inalicular  papillary  growth  iu  the  breast,  iu  which  case  the  inter- 
itial  tissue  of  the  tumor  is  purely  fibrous.  Its  association  with 
rcoma  and  myxoma  is  mentioned  elsewhere. 

The  soft  fibroma  contains  loose  areolar  cot\uecv\\e.  \.Y=s\\e..,  S\\s. 
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spaces  of  which  are  filled  with  serous  fluid,  which  gives  the  ap- 
pearance  of  oedematous  tissue.  Occasionally  large  cyst-like  spaces 
are  found  in  them.  It  may  be  found  in  the  skin,  in  the  subcuta- 
neous connective  tissue,  in  the  intermuscular  tissue  and  the  peri, 
osteum,  and,  according  to  Birch-Hirschfeld,  even  in  bone.  A 
familiar  type  of  this  soft  fibroma  is  the  mucous  polyp,  which,  in 
many  cases,  is  purely  fibrous.  It  has  sometimes  been  called  the 
41  oedematous  fibroid. "  Many  of  the  cases  of  molluscum 
of  the  skin  belong  in  this  class. 

A  fibroma  has  a  very  slow  growth.      It  may  remain  for  i 
time  without  any  change  whatever,  and  then  suddenly  take  on  a 
rapid  growth.     In  such  cases  there  is  probably  a  transformation 
into  sarcoma.     Fibroma  occurs  in  both  sexes  and  in  variou 
aiid  it  may  begin  in  early  life.     It  often  undergoes  calcification 
and  sometimes  fatty  metamorphosis. 

6.  Myxoma. 

Myxoma  Qutfla,  mucus)  is  a  tumor  composed  of  tissue  which 
finds  its  type  in  mucous  tissue,  It  corresponds  to  the  fibroccltolar 
tumor  of  Paget.  This  tissue  is  found  in  abundance  in  embryonic 
life,  and  it  is  the  structure  from  which  adipose  tissue  is  subse- 
quently formed.  It  is  seen  also  in  the  foetal  cord.  In  the  adult  it 
is  found  in  the  vitreous  humor,  and  it  is  observed  also  as  a  degen- 
erative change  in  adipose  tissue  and  in  the  medulla  of  bones  of 
old  people. 

Myxoma  is  closely  allied,  therefore,  to  lipoma,  and  indeed 
combinations  of  both  structures  in  the  same  tumors  are  not  inf» 
quently  seen.  Tumors  of  this  nature  which  grow  from  adipose 
tissue  should  therefore  be  considered  fairly  homologous.  V 
also  a  semi-homologous  type  in  the  myxomas  arising  from  the 
perineurium,  the  neuroglia  being  closely  allied  also  to  the  mucous 
tissue. 

Histologically,  mucous  tissue  is  found  in  two  forms  I 
the  cells  are  round  and  are  imbedded  in  a  transparent  intercellu- 
lar substance.  In  the  other  form  the  cells  are  long  and  spindle- 
shaped,  or  are  stellate  with  long  prolongations  which  anastomose 
with  one  another.  The  substance  of  which  the  matrix 
tumor  is  composed  is  mucin,  which  coagulates  on  the  additiou  of 
alcohol,  forming  a  thread-like  or  membranous  deposit  There  is  a 
network  thus  formed  somewhat  like  that  seen  in  fibrin  (Fig.  H74- 
Myxoma  may  occur  alone  or  in  combination  with  other  dssao. 
A  pure  myxoma  with  very  few  cells  in  it,  consisting  principally  of 


transparent  intercellular  substance,  is  known  as  a  hyaline  myxoma. 
[f  there  is  a  considerable  amount  of  fibrous  tissue  in  the  intercel- 
lular substance,  it  is  known  as  myxoma  fibromnt '.  A  very  cellular 
type  is  called  u  myxoma  medullars"  Myxoma  may  also 
combined  with  cartilage  and  adipose  tissue,  and  at  times  may  be 


A 
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Fin.  117. — Myxoma  (oc.  4,  ^  oil-im.). 

very  vascular.  The  term  myxosarcoma  is  used  when  in  sarcoma 
the  intercellular  substance  is  of  a  transparent  character  and 
contains  mucin. 

Myxoma  occurs  most  frequently  where  there  are  deposits  of  fat 
or  of  loose  connective  tissue,  as  in  the  thigh,  the  back,  the  hand, 
and  the  cheeks,  or  at  the  angle  of  the  jaw,  or  in  the  breast,  the 
labium,  or  the  scrotum.  It  is  observed  also  in  the  placenta,  and  it 
is  interesting  to  know  that  myxoma  may  occasionally  develop  in 
later  life  from  the  navel,  as  if  it  had  formed  from  fcetal  remains  of 
the  cord. 

Myxoma  may  occur  in  combination  with  enchondroma  in  large 
tumors  of  the  bone,  taking  its  origin  apparently  from  the  tissue 
of  the  medulla.  Myxoma  occasionally  attains  considerable  size, 
and  it  has  then  a  well-marked  lobulated  structure.  The  writer 
removed  one,  about  the  size  of  a  cocoa-nut,  from  the  popliteal 
space.  This  tumor  is  occasionally  found  growing  on  the  spinal 
arachnoid  and    in   the  ventricles   of   the   brain,    and   even   in   the 


?6o        SURGICJJ^   i'AlIfOLOGY  AND   THERAPEUTICS 

cerebral  substance,     The  pure  forms  are,  however,  rare  here.    Tb« 
tumor  more  frequently  found  is  a  myxoglioma  or  a  myxosarcoma 
(Knapp).      The  intracanalieular  papillary  tumor  of  the  brea 
often  myxomatous. 

A  not  infrequent  seat  of  myxoma  is  in  the   nerves,  where  u 
grows   from   the  perineurium  and  presses  the  nerve-fibres  apart 
and  develops  as  a  spindle-shaped   or  a  cylindrical   tumor.     On  the 
mucous  membranes  these  tumors  appear  in  the  guise  of  pel 
particularly  in  the  nose.     Similar  polyps  have  been  found  also  in 
the    uterine   cavity.      Myxoma    is    essentially   a    benign    tumor, 
although   it  often   assumes   importance,   owing  to   its  si/.e,  to  tht 
readiness  with  which  it  breaks  down,  and  to  the  difficulty  of  re- 
moving it  thoroughly  in  inaccessible  regions.      Many  of  the  my  :x- 
oiimta  of  nerves  are,  however,  undoubtedly  malignaut.     Virehov 
reported  several  such  examples,  and  metastases  are  reported  as  fkzA- 
lowing  the  development  of  myxoma  in  the  labium.     The  possib^  si- 
lly that  myxoma  may  be  combined  with  sarcoma  and  carciuor  ~»a 
should  always  be  kept  in  mind. 

7.  Lipoma. 

A  lipoma  is  a  tumor  consisting  of  adipose  tissue.     It  is  a  soft 
a  moderately  firm  lobulated  tumor,   and   in   its  structure  etc 
resembles  the  subcutaneous  adipose  tissue,  consisting  of  lobules 
fatty  issue  separated  by  fibrous  septa  of  greater  or  lesser  thickm 
More  rarely  it  occurs  as  a  smooth  globular  mass.      Its  circumfe 
ence  is  sharply  limited  by  a  capsule  which  is  more  or  less  loose 
attached  to  the  surrounding  parts,  so  that  it  can  readily  be  enr 
cleated. 

The  true  lipoma  must  be  distinguished  from  diffuse  accumuU  J 
tions  of  fat  in  different  parts  of  the  body  in   the  same  v. 
fibroma  is  distinguished  from  elephantiasis.     Such  are  the  diffus 
formations  of  adipose  tissue  in  the  mammary  glands  aud   in 
abdominal  walls  in  cases  of  obesity,  the  accumulation  of  fat  arour 
the  kidney,  or  the  polypoid  growths  on  the  joints  (lipoma  arbo 
escens).     Masses  of  fatty  tissue  occur  on  the  fingers  and  toes 
consequence  of  disease  of  the  spinal  cord,  and  great  develoj 
of  the  adipose  tissue  occurs  congenitally  in  the  extremities  in  ca» 
of  gigantism.     There  are,  however,  certain  diffuse  forms  of  1  i ; 
which  deserve  the  name  of  tumors  and  which  should  be  classifii^  t<1 
as  such. 

Microscopically,  lipoma  is  seen  to  be  made  up  of  adipose  tissi_»- 
containing  fat-cells  similar  to  those  seen  in  the  subcutaneous  tissn  -^ic. 
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*what  larger.  It  is  usually  developed  from  adipose  tissue, 
Iso  grows  where  no  fat  is  found  normally y  as  in  the  sub- 
layer of  the  intestine-  When  there  is  a  large  amount  of 
tissue  in  the  new  growth  the  tumor  is  much  firmer,  and  it 
n  a&fibrolipoma.  Another  variety  is  known  as  myxolip 
there  is  a  combination  of  the  two  allied  tissues.  In  some 
le  blood-vessels  are  very  numerous,  and  a  form  of  erectile 
nay  be  developed.  Birch- Hirschfeld  describes  such  forms 
rnous  lipoma  in  the  subcutaneous  tissue  of  the  arms  of  old 
Combinations   may  occur  also  with   sarcoma  and  car- 
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typical  circumscribed  lipoma  is  found  in  the  subcutaneous 
tissue,  and  it  appears  as  a  lobulated  soft  tumor  lying  beneath 
l.  It  is  more  or  less  movable,  and  the  lobulated  shape  may 
be  determined  by  picking  up  the  margin  of  the  tumor 
i  the  thumb  and  finger.  It  grows  slowly,  but  sometimes 
enormous  size,  and  then  assumes  the  shape  of  a  pendulous 
Fig.  118).     The  skin  on  such  tumors  is  coarse  and  hyper- 

trophied,  and  sometimes 
is    cedeniatous.       When 
these  huge  growths  are 
allowed  to  remain  unop- 
erated,  the  most  depend- 
ent portion  of  the  skin 
eventually  breaks  down, 
and  there  forms  a  deep, 
well-defined  ulcer,  which 
extends  through  the  skin, 
but  which  does  not   in- 
volve the  tumor.   Hemor- 
rhage often  occurs  under 
these  circumstances,  and 
the  patient  is  finally  driv- 
en to  seek  surgical  relief. 
iff  use  lipoma  occurs  in  the  neck,  and  it  gives  to  the  patient 
I  and  grotesque  appearance  (Fig.    119).      It  was  first  de- 
>y   Brodie,   and    later  by   McConnack,    Hutchinson,   and 
It   is   called   <l  fat-neck"   (Fetihats)  by  Madelung,      The 
icgius  usually  as  a  tumor  situated  over  the  mastoid  pro- 
behind  the  ears.     It  may  exist  on  one  or  both  sides  of 
Finally,  it  covers  the  back  of  the  neck,  being  divided 
letrical  halves  by  a  depression  on  the  median  line.     It  is 


Lipoma  of  Thigh :  on  Lhe  left,  skin  ulcerated. 
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ly  defined  above  at  the  superior  curved  line  of  the  occipi-^. 
and  it  eventually  grows  around  the  neck,  forming  large  fc»Jf^ 
side  and  the  appearance  of  a  ll  double  chin11  in  front.      jn 
)f  Madel nng*s  cases  a  large  lobe  extended  downward  over  rj^ 
clavicle.     The    tumor-growth    spreads 
downward    and    below    the     muscular 
fibres  in  some  cases,  and  even  between 
the  larynx  and  the  pharynx. 

Diffuse  lipoma  appears  usually  in  in- 
dividuals between  thirty-five  and  f< 
five  years  of  age,    and  chiefly  in  men. 
Many  of  the  patients  are  addicted  to 
the  use   of  alcohol,   but   in   BO  CtR  is 
general  obesity  described.      The  single 
case  seen    by  the   writer   corresponded 
very  accurately   with    the   descriptions 
and   portraits  given   by  oilier  writers. 
The    patient    was   a   middle-aged   man 
and  a  heavy  drinker.     The  tumor 
removed    at     several    operations,    an^ 
owing  to  the   fact   that  there  was     afl 
well-defined    boundary-  to   the  growth 
the  dissection  was  difficult.     In  u- 
has  there  been  any  return  of  the  gro\*^ui 
after  removal.     Other  forms  of  difT*^* 
lipoma  occur  congenitally.     The  wrm    te* 
has  on  several  occasions  removed  sira^b 
diffused  accumulations  of  fat  from  the  cheeks  of  infants  and  you^»nS 
children. 

The   situation   of  circumscribed   lipomata   has   been    carcfu    -*^ 
studied  by  Grosch,  who  finds  that  they  are  most  frequenth 
ated  on  the  neck  and  the  shoulders  and  on  the  posterior  surface 
the  trunk  and  the  nates,  consequently  on  those  portions  of  the  sto-^^"1 
where  the  sudoriparous  and  sebaceous  glands  are  most  sparin^^B^ 
distributed.     It  is  supposed  that  these  glands  rely  largely  up^"~ 
the  adipose  tissue  for  the  production  of  the  excretion,  and  coc=^*n* 
sequently  unusual  accumulations  of  adipose  tissue  are  less  lik< — -»  **$ 
to  occur  where  they  are  found  in  large  numbers.     Multiple  lipn^^** 
mata  are  also  confined  to  the  same  localities,  and  they  are  oft>-^*fl 
distributed  symmetrically.     Lipoma  is  rarely  found  OB  the  hca^^Wr 
but  when  so  found  it  occurs  more  frequently  on  the  face,  partie-=w- 
larly  the  forehead,  than  on  the  scalp.     The  palm  of  the  hand  srzmmd 
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Fig.  119. — Diffuse  Lipomn  of  the 
Neck  and  Abdomen. 


the  sole  of  the  foot  are  localities  where  it  is  seen  less  frequently 
than  in  auy  other  part  of  the  extremities. 

Lipoma  is  found  also  in  the  serous  membranes  and  in  the  sub- 
mucous tissues  of  the  mucous  membranes.  Enormous  myxolipo- 
inata  are  often  developed  in  the  retroperitoneal  space.  Lipoma  of 
the  tongue  has  recently  been  observed  by  Rosenstirn.  Lipoma  is 
more  frequently  found  in  women  than  in  men,  and  makes  its 
appearance  usually  after  middle  life.  Multiple  lipomata  are  occa- 
sionally developed  during  childhood.  Lipoma  is  a  benign  tumor, 
and  it  never  returns  after  extirpation.  It  rarely  disappears  spon- 
taneously, even  though  the  patient  becomes  greatly  emaciated. 

8,  Glioma. 

Gliomata  are  tumors  that  develop  from  the  neuroglia  or  retic- 
ular substance  which  supports  the  fibres  and  cells  of  the  central 
nervous  system.  Examined  under  the  microscope,  they  are  found 
to  contain  a  network  of  extremely  fine  glistening  fibres  in  which 
numerous  oval  nuclei  are  supported  at  some  little  distance  from 
one  another.  A  careful  examination  of  these  nuclei  shows  that 
they  belong  to  cells  which  anastomose  with  one  another  by  numer- 
ous delicate  prolongations.  These  cells  closely  resemble  the  normal 
cells  of  the  neuroglia,  but  they  are  usually  larger,  and  some  con- 
tain several  nuclei.  It  is  from  the  cells  of  the  neuroglia  that  these 
growths  develop,  and  not  from  the  nerve-cells  (Ziegler).  The  num- 
ber of  cells  in  a  glioma  vary  greatly.  At  times  the  cells  predomi- 
nate, at  other  times  the  fibrous  network.  The  vessels  are  occasion- 
ally very  numerous. 

Glioma  forms  in  the  brain  a  tumor  that  is  not  easily  distin- 
guished from  the  surrounding  cerebral  substance,  with  which  it 
appears  to  be  more  or  less  continuous.  Its  presence  is  recognized 
chiefly  by  a  swelling  and  by  a  diffusion  of  color.  In  the  cord  the 
glioma  appears  to  form  around  the  central  canal,  and  it  often 
spreads  out  over  considerable  portions  of  the  spinal  cord.  It  is 
usually  of  a  bright-gray  color,  and  is  somewhat  transparent,  or  it 
is  a  grayish-white  or  grayish-red,  and  even  of  a  deep-red  color 
when  highly  vascular. 

Gliomata  are  divided  into  hard,  soft,  and  vascular  forms.  The 
hard  form,  or fibroglioma,  which  is  found  in  the  ependyma  of  the 
ventricles,  is  composed  principally  of  a  delicate  fibri Hated  inter- 
cellular substance,  and  it  is  often  associated  with  hydrocephalus. 
It  may  also  occur  elsewhere  in  the  brain,  and  it  is  sometimes  of 
almost  cartilaginous  hardness.     It  rarely  attains  great  svte..     Tk 
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soft  glioma  has  a  bluish-white  color,  such  as  is  seen  iu  hyal?  ^ 
cartilage,   and   it  is  sometimes   hard    to   distinguish  in   alcol 
preparations  from  the  surrounding  cerebral  substance,  as  it   u^[r 
ally  has  no  well-defined  outline.     It  often  grows  to  the  size 
a  child's  head,  being  usually  found  in  the  white  substance  of  r/,c 
anterior  and  posterior  lobes  of   the  brain.     It  contains  general 
numerous   large   cells.     The  small-cell  glioma  is  more  • 
and  is  particularly  liable  to  hemorrhage.     The  gliomata  may  also 
undergo  fatty  degeneration  and  softeuuij. 

Glioma  is  found  in  the  retina  in  children.  It  contains  both 
round  and  stellate  cells.  Eventually  it  may  break  through 
sclerotic,  and  metastases  may  form  in  the  orbital  fat,  in  the  dipioe 
of  the  bones,  and  in  the  brain.  In  some  cases  metastatic  dep 
have  been  described  in  the  liver,  the  kidneys,  and  the  ovaries,  but 
it  is  probable  that  these  tumors  belong  in  the  group  of  sarcomata 
rather  than  to  the  gliomata. 

Neuroglioma  ganglionar?  is  a  growth  composed  of  neuroglia, 
of  ganglion-cells,  and  of  nerve-fibres,  and  it  may  be  diffused  or  be 
circumscribed.     A  portiou  of  the  tumor  undergoes  a  inyxom.: 
change  occasionally,  and  these  growths  are  then  known  as  m 
glioma.     In  other  cases  there  may  be  a  combination  with  sarcoma 
(gliosarcoma).     Glioma  is  rarely  found  iu  the  cerebellum.     When 
extensive  degenerative  changes  occur  in  glioma  it  is  often  difficult 
to  recognize  the  new  formation,  which  is  not  suited  to 
interference,  owing  to  its  ill-denned  outline. 

The  subject  of  syringomyelia,  that  has  been  so  much  discussed  of 
late  in  neurological  literature,  deserves  consideration  in  eotinet 
with  the  general  subject  of  glioma.  The  prevalent  view  is  that  in 
such  cases,  owing  to  a  lack  of  developmental  differentiation,  there 
is  a  growth  of  quasi-embryonic  tissue  of  the  spinal  cord  specially 
involving  the  neighborhood  of  the  posterior  commissure  and  the 
posterior  gray  horns.  Sometimes,  also,  there  is  an  imperfect 
closure  of  the  posterior  cleft.  Eventually,  this  gliomatous  tissue 
is  liable  to  break  down,  giving  rise  to  the  formatioi  airs 

which  are  generally  lined  with  pieces  of  membrane.     T 
dition  is  commonly  met  with  in  the  cervical  portion  of  the  cord, 
but  occasionally  is  met  with  in  other  parts  as  well.     It  is  some- 
times  associated  with    spina  bifida   and   sometimes   with   hydro- 
cephalus. 

The  clinical  symptoms  which  are  most  characteristic  area 
of  the  sense  of  pain  and  of  temperature  in  certain  well-defined 
areas,  associated  vii\\\  a  leAoXive  preservation  of  the  sense  of  touch. 
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ere  is  also  a  high  degree  of  muscular  atrophy,  which  usually 
:upies  a  smaller  area  than  the  sensory  disorders.  The  disease  is 
ogressive  and  is  not  amenable  to  surgical  treatment. 

9.  Chondroma. 

Knchondroma,  or  chondroma,  is  a  tumor  which  consists  of 
rtilage.  It  occurs  principally  where  cartilage  is  found  nor- 
illy — that  is,  on  the  bones  and  in  the  cartilage  of  the  respira- 
y  organs — but  it  may  also  be  found  where  there  is  no  car- 
ige. 

Virchow  divided  the  chondromata  into  two  forms;  those  which 
>w  from  cartilage,  or  the  ecchondromata,  and  those  which  grow 
lependently  of  cartilage,  or  the  enchondromata.  The  former 
059  is,  however,  a  smalt  one,  the  great  majority  of  cartilaginous 
mors  belonging  to  the  class  of  enchondromata. 
Euchondroma  varies  greatly  in  size,  It  may  appear  as  a  small 
and  tumor  or  as  a  large  lobulated  growth  (Fig.  120).  It  consists 
either  hyaline  cartilage  or  of  fibro-cartilage.  The  tumor  may 
in  a  state  of  mucous  softening  or  be  partially  ossified.  It  may 
•0  be  composed  of  osteoid  tissue,  such  as  is  found  in  the  ossify* 
'  callus  between  the  bone  and  the  periosteum,  and  it  is  then 
own  as  osteoid  chondroma  (Virchow). 

The  tumor  consists  not  only  of  cartilage,  but  also  of  connective 
toe,  which,  however,  is  usually  small  in  quantity.  It  separates 
cartilage  into  numerous  lobules.  At  times  the  fibrous  tissue 
y  preponderate  to  such  an  extent  that  very  little  cartilage  is 
a.  The  cells  vary  greatly  in  size,  in  form,  and  in  numbers  in 
"erent  tumors  and  even  in  the  same  tumor.  At  times  they  are 
numerous  as  to  crowd  against  one  another  and  leave  little  inter- 
lular  substance.  They  may  be  exceedingly  few  in  number  in 
ier  growths.  They  are  often  quite  large,  and  contain  one  or 
>re  nuclei  aud  a  well-marked  capsule.  In  other  cases  the  capsule 
wanting  (Fig.  121).  In  some  forms  the  cells  are  stellate  with 
istouiosing  prolongations:  in  these  tumors  the  tissue  is  usually 
t,  aud  it  has  the  appearance  of  myxoma.  The  intercellular 
jstance  is  either  hyaline  or  fibrous.  Chondroma  may  be  coin- 
ed with  sarcoma. 

Cartilaginous  tumors  may  undergo  a  mucous  softening  so  far 
the  intercellular  substance  is  concerned,  aud  the  cells  in  this 
e  undergo  fatty  degeneration:  these  changes  lead  to  the  forma- 
1  of  cysts.  These  tumors  may  also  undergo  calcification  or 
ification.     At  times  chondroma  may  be  highly  vascular.     Chon- 
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drama  occurs  must  frequently  during  youth,  ai  a  time  when 


!  :•     1 20. — En  chondroma  of  the  Tibia,  juat  below  knee-joint  (female;  duration  fit*  ^r 


l»     ■■—  ii  1        «n 

in   -Hyaline  Etichoodroraa  (oc.  3,  obj.  l»  , 

bones  are  developing:  there  is  probably  some  connection  bchrero 
the  formation  of  these  tumors  and  irregularities  in  the  dew 
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°f  bones.  According  to  Rirch-Hirschfeld,  trauma  appears  to  exert 
&  decided  influence  upon  the  origin  of  this  form  of  tumor.  Kn- 
chondroma  is  often  found  on  the 


• 


A 


Ilotig  bones,  and  particularly  upon 
the  phalanges  of  the  hand  or  upon 
the  metatarsal  bones  (Fig.   122). 
It  is  observed  on  the  larger  long 
fc>ones,   on   the   scapula,   on   the 
£>ones   of   the   cranium,    on    the 
favvs,    and   on    the    ribs.     It   is 
found  also  in  the  testicle,   the 
parotid    gland,    the    mammary 
3r»«3    submaxillary   glands,    and 
tl*  ^r  lungs. 

Virchow  has  given  the  name  of  ecchondrosis  to  those  cartilag- 

tn.«CWtt  tumors  that  grow  directly  from  cartilage.     Small  cartilag- 

0  *->us  tumors  are  found  in  the  thyroid  cartilage  and  in  the  rings 

^jf        the  trachea,  and  also  in  the  epiphyseal  lines  and  in  articular 

-tilage.     They  are  found  also  on  the  costal  cartilages,  on  the 

ichondroses,  and  on  the  intervertebral  cartilages.     Those  that 

>w  from  the  articular  cartilage  are  often  separated   from  their 


Fig.  122, — Enchondroma  of  the  Thumb, 


~\ 


* 


Fig.   123.— Mixed  Cartilaginous  Tumor  of  the  Parotid  Gland. 


>ase  and  wander  about  within  the  joint.     These  tumors  are  known 
as    "loose  cartilages"   or  u joint  mice."     They  may  s^rits^  al<» 
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from  the  synovial  membrane  or  from  the  periosteum.  Thev 
give  rise  to  considerable  irritation  and  effusion  in  the  joint, 
but  they  may  eventually  become  anchored  in  some  pouch  of 
the  articular  capsule.  If  a  spontaneous  cure  does  not  occur 
in  this  way  and  they  continue  to  give  trouble,  they  should  be 
excised. 

One  of  the  most  frequent  of  the  fibro-cartilaginous  tumors  is 
the  "  mixed  cartilaginous  ,1  tumor  of  Paget,  which  grows  in  the  in- 
terstitial tissues  of  the  parotid  gland.     In  these  tumors  are 
numerous  cylindrical  masses  of  epithelial  cells  which  are  of  glac 
ular  origin.     These  tumors  are  of  slow  growth  and  are  nodular, 
and   they  can  easily  be  separated  from   the  tissue  of  the  paro\^ 
gland.     If  allowed  to  grow,  they  may  eventually  attain  an  enot* 
mous  size  (Fig.  123). 

The  hyaline  enchondroma  is  also  of  slow  growth,  but  it  ma> 

times  assume   immense  projzxw- 
tious,  as  shown  in  the  scap> 
of  the  patient  whose  portrai  «,  is 
here  given  (Fig.  124). 

The  os it  aid  chondroma  ti2L& 
fibrous  appearance.     It  develoj. 
from  the  periosteum,  and  it  it 
form   a   spindle-shaped    groxv 
of  considerable  size  in  the  J  01 
buues.      These  tumors  are  of~t:< 
sarcomatous,   and    Billroth   {>1 
fers  to   classify   them    with     t 
periosteal  sarcomata. 

Chondroma     is     a      ben 
growth,  but  in  the  rapidly-, 
ing    forms    the    cell-growth 
abundant,     and     the    transit  ion 
from  chondroma  to  sarcoma    wad 

FtC.I24-HyalinCEnchnt,dram«oflhe Scapula.  inf"req«ently    OCCUTS    ED    portions 

of  the  tumor. 
Metastatic  deposits  of  chondroma  are  to  be  distinguished  fx 
multiple  chondromata,   which   are  occasionally   seen.      Schuh        re- 
ports the  case  of  a  girl,  twelve  years  of  age,  who  had  such  tut* 
on  all  the  bones  except   those  of  the  head  and  the  spine.     CI  mOD" 
dromata  show  a  tendency  to  break  into  the  blood-vessels  and 
lymphatics,  and  portions  of  the  gTOwth  are  transmitted  by 
bolism  to  distant  organs,  particularly  the  lungs. 


io.  Osteoma. 

)steoma  signiBes  a  tumor  composed  of  bony  tissue.  There  are, 
ever,  several  forms  of  bony  growth  which  should  not  be  re- 
led  as  tumors.  Such  are  the  osteophytes,  which  form  as  the 
It  of  an  inflammation  of  the  periosteum;  the  diffuse  enlarge- 
its  of  bones,  such  as  have  already  been  studied;  and  the  ossi- 
ion  of  tendons  and  muscles.  An  osteoma  may  grow  upon  the 
ace  of  the  bone,  and  it  is  then  called  an  "exostosis;"  or  it 
'  grow  in  the  interior  of  the  bone  as  a  firm  bony  nodule,  and  it 
died  an  ' l  enostosis. "  It  may  also  grow  quite  independently  of 
e,  and  it  is  this  variety  which  Virchow  regards  as  heterologous. 
)steoinata  are  placed  In  two  different  classes,  according  to  the 
racter  of  the  bony  substance  of 
ch  they  are  composed.     There  are 

hard  or   ebtirnated   osteoma  and 

spongy  osteoma. 

The  most  characteristic  variety  of 
oma  durum  is  the  ivory  exostosis 
ch  occurs  in  the  bones  of  the  skull 

the  face  (Fig.  125).  It  consists 
a  thick  osseous  tissue  which  is 
mged  in  the  form  of  concentric 
illel  lamellae:  in  the  lamellae  the 
e-corpuscles  are  so  arranged  that 

ir    prolongations    are    directed    to-   Fig.  125.— Ivory  Exostosis  of  iheOi;  11- 

d    the   periphery   of    the    tumor. 

i  vessels  are  exceedingly  few  in  number.  The  surface  of  the 
ior  is  nodular  and  is  covered  by  a  thin  layer  of  periosteum. 
;re  are  also  dense  forms  of  osteoma  that  resemble  more  closely 
structure  of  cortical  bone. 

The  ivory  exostosis  is  found  most  frequently  in  the  frontal  bone, 
it  encroaches  upon  both  the  cavities  of  the  cranium  and  the 
t,  compressing  the  brain  and  protruding  over  both  eyes  (Paget). 
se  tumors  grow  in  the  diploe  or  sinuses  as  isolated  or  as  nar- 
ly-attached  masses.  The  size  and  situation  of  these  growths 
:e  their  removal  often  impossible,  although  in  the  simpler  kinds 
ations  have  been  performed  with  success.  Their  slight  attach- 
,t  is  not  infrequently  destroyed,  and  necrosis  follows  and  the 
ors  may  be  discharged  spontaneously,  Hutchinson  describes 
i  a  growth  lying  loose  in  the  orbit,  which  growth  after  its  re- 
al left  a  cavity  nearly  the  size  of  the  fist,  over  U\e  u^ex.  ^cA 
49 


Flc.  u6. — Osteoma  of  the  Lower  Jaw. 


inner  cavities  of  which  the  brain  could  be  felt  pulsating.  Tl 
Warren  Museum  possesses  the  frontal  bone  of  a  patient  from  whc^^I 
a  portion  of-  such  a  tumor  was  removed,  The  odontoma  a^^_^ 
consists  of  a  deuse  ivory  structure,  and  it  may  spring  from  the  lnr^u 
process.  It  is  often  associated  with  an 
regularly-developed  tooth.  Hard 
seous  tumors  have  also  been  font  Vij 
on  the  lower  jaw  (Fig.  I 

Osteoma  spongiosum  contains,    fg 
its  interior  more  or  less  well-marl<Led 
medullary  tissue  and  spongy  boxie. 
These   tumors  are   found    grows  ug 
from  the  epiphyseal  lines  of  lo«g 
bones,  and  are  usually  covered  w 
a  thin  layer  of  cartilage.     They    ^ 
attached  to  the  bone  by  a  mor&    or 
less    well-defined    pedicle.      So*^. 
times  they  are  partially  covered     L 
a  bursa  filled  with  fluid,  which  gives  them  the  appearance  of  tx. 
much  larger  thai!  they  really  are.     The   writer  has  removed  s 
tumors  also  from  the  scapula,  and  they  may  be  found  on  othct 
bones.     Another  form  of  spongy  osteoma  is  the  so-called  "subuo. 
gual  exostosis,"  which,  according  to  Birch-Hirschfekt,  is  ■  pen 
teal  growth.      It   is   found   not   infrequently  growing  beneath  the 
nail  of  the  great  toe.     This  growth  also  has  frequently  a  carti! 
iuous  surface. 

All  these  spongy  osteomata  grow  to  a  certain  size  and  then  cea^e 
growing.     With  the  exception  of  the  last  named   they  give  litt  Xc 
trouble.      Occasionally,  however,   they  reach  an   unusual  size,  ana*-** 
cases  are  reported  iu  which  the  tumor  grew  to  be  as  large  as 
man's  head. 

Osteoma  of  bone  develops  either  from  the  connective  til 
the  periosteum  or  from  cartilage  or  from  the  medullary  lissui 
Osteoma  is  also  found  entirely  independent  of  bone.  Such  growtt" 
have  been  observed  iu  the  brain  :  they  are  supposed  to  develo^^P 
from  the  neuroglia,  and  they  have  been  regarded  as  an  ossify  in  ^% 
encephalitis  (Birch-Hirschfeld),  They  also  Spring  from  the  tn<— ^^ 
uinges.     Bony  tumors  are  found  in  the  eye  and  iu  the  In  -  ^ 

miliary  bony  tumors  are  also  seen,  though   rarely,   in   tin- 
Multiple  osteomata  are  seen  not  only  upon  the  bones  i 
and  other  flat  bones,  but  also  upon  the  long  bon 

In  regard  lo  t\\e  e\.\o\o^  oC  osteoma^  it  is  supposed  by  inan^. 


|2at  there  is  an  hereditary  predisposition,  particularly  in  cases  of 
!  nl  tiple  osteoma.  These  tumors  appear  occasionally  after  injuries, 
yphilis  and  gout  are  also  supposed  at  times  to  exert  an  influence 
iv'orable  to  the  development  of  bony  growths.  The  prognosis  of 
steoma  is  favorable,  as  it  is  strictly  a  benign  tumor. 


II.   Neuroma. 
* l  Neuroma  "  is  a  term  originally  applied  to  a  tumor  supposed 
3  consist  of  nerve-tissue.     Many  of  these  tumors  prove  on  micro- 
copical  examination   to  be  composed  of  nerve-tissue   to  a  limited 
tent  only,  the  bulk  of  the  growth  consisting  of  fibrous  tissue. 
new  formation  of  nerve- tissue  does,  however,  occur.     The  term 
rvma  fibril  tare  is   used   to  indicate   growths  of  nerve-fibres, 
euroma  cellulare  is  a  tumor  consisting  of  new-formed  ganglion- 
ic.     When  the  tumor  is  composed  of  fibres  which  contain  no 
nyelin,   it  is  spoken  of  as  a  lt  neuroma   amyelinicum."     When 
e  fibres  contain  myelin,   the  growth  is  called  *' neuroma  inye- 
ictttn.*' 

Neuroma  cellulare  is  an  exceedingly  rare  growth.  One  case  is 
ported  as  existing  in  the  ala  of  the  nose  of  a  man  thirty-one 
ears  of  age.  It  is  more  frequently  found  in  the  brain,  usually  in 
he  lateral  ventricle.  A  growth  of  ganglion-cells  may  be  found 
n  a  teratoma  of  the  ovary  or  the  testicle,  and  also  in  congenital 
acral  tumors. 

JJeuroma  myelinicum  occurs  either  as  a  circumscribed  round  or 
£>ulated  nodule,  as  a  spindle-shaped  tumor,  or  as  a  diffuse  thiek- 
ni  Jig  of  a  nerve  arranged  iii  knots  or  in  loops.  It  consists  of  a 
of  firm,  grayish-white  tissue,  composed  of  interlacing  bun- 
of  fibres,  between  which  is  a  moderate  amount  of  loose  coll- 
ective tissue  poorly  supplied  with  blood-vessels.  A  microscopic 
<  £m.imnation  shows  the  myeliu-nbres,  which  are  stained  black  by 
y-perosmic  acid. 

The  amyclinic  neuroma  is  a  yellowish  or  a  whitish-gray  tumor 
f  considerable  firmness,  having  somewhat  the  appearance  on 
ection  of  a  fibroma.  Under  the  microscope  the  nerve-fibres  with 
heir  nuclei  can  be  made  out  by  picking  them  gently  apart  (Wini- 
rter). 

Neuroma  may  occur  either  singly  or  as  a  multiple  tumor,  and 

i    accompanied  by  an  increase  in  the  connective  tissue  of  the 

e,  particularly  of  the  outer  (and  less  frequently  of  the  inner) 

er.s  of  the  endoneurium,  so  that  the  bundles  of  nerve-fibres  at 

s«at  of  the  tumor  are  surrounded  by  a  loose  growth  of  con  nee- 
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tive   tissue.      The    perineurium   may   also    be    involved    in  this 
growth,  but  the  epiueurium  is  rarely  affected.     Such  a  turn 
therefore,  strictly  speaking,  a  neurofibroma, 

Multiple  neuromata  may  be  found  existing  at  several  poii 
a  nerve-trunk,  or  they  may  be  situated  in  the  various  branches  of 
a  nerve,  or  they  may  be  indiscriminately  distributed  throughout 
the  body.     A  single  neuroma  is  more  likely  to  be  painful  than  the 
multiple  form.     The  nervous  disturbance  depends,  however,  upon 
the  attachment  of  the  tumor  to  the  nerve.     If  it  is  so  situated  that 
the  nerve-fibres  are  compressed,  whether  the  tumor  be  central  or 
be  peripheral  there  is  more  likely  to  be  pain  than  when  the  fibres 
are  spread  out  tape-like  over  the  tumor.     Multiple  neuromata  qm 
be  seen  as  a  string  of  nodules  following  the  course  of  a  novoe- 
trunk,    or   as   nodular  growths   spread   out  beneath    the  skin  -S_n 
various  directions.     They  are   usually  movable.     If  adherent  «*» 
the  surrounding  structures,  there  is  a  possi  1  iil it >  that  the  grow 
may  be  sarcomatous — a  combination  that  not  infrequently  occhi — ^s» 

Many  neuromata  are  congenital  or  they  appear  during  the 
years   of  life.     They   are   not   infrequently  found   in  persons  c_— **& 
defective   mental    development.      Heredity   appears    to  exert  ^es^io 
important  influence,  as  multiple  neuroma  is  often  seen  in  varioi  _»-^u* 
members  of  a  family.     Acquired  neuromata  appear  between 
ages  of  twenty  and  forty  years. 

The  so-called  "malignant  neuroma"  is  usually  neurosarcon 
or  neuromyxoma.     There  is  in  these  growths  a  new7  format 
nerve-fibre,  but  their  principal  feature  is  the  malignant  elemen" 
and  these  tumors  may  be  the  origin  of  metastatic  deposits,    Tlr  Wk 
neuroma  amyelinicum  may  suddenly  change  its  benign  nature  an 
become  converted  into  a  malignant  growth. 

Plexiform  neuroma  consists  of  a  convolution  of  numeroi 
bundles  of  fibres  which  have  nodular  swellings  al 
and  which  are  intertwined  in  a  tangled  mass.  They  arc  lie 
together  by  a  loose  connective  tissue  that  lies  in  a  fold  of  skii 
which  is  hypertrophied  and  pigmented  and  covered  wirliathic 
coarse  hair.  The  tumor  is  congenital,  and  it  is  usually  situate 
on  the  scalp,  on  the  neck,  or  on  the  cheek.  There  is  a  thickenir^Bg 
also  of  the  connective-tissue  structures  of  the  skin,  particnlar^By 
those  surrounding  the  vessels  and  the  hair- follicles,  such  as  h«sa^ 
already  been  described  in  the  case  of  multiple  fibromata.  Tl  ^»« 
growth  is  regarded  by  many  as  a  local  congenital  elephantiasis  C^*C 
the  nerves.  The  neuroma  found  in  the  ends  of  divided  w 
the  form  of  tumor  with  which  the  surgeon  is  most  familiar.    Sucr 


Towths  occur  both  in  the  peripheral  and  in  the  central  end  of  a 

ierve  which  has  been  divided  in  continuity,  and  are  often  observed 

►y  the  surgeon   who  lays  bare  the  nerve  for  the 

purpose   of   uniting    the   severed    ends.       But    the 

commonest    form    is    that   found   in    amputation- 

(tumps,  and  it  is  the  cause  often  of  intense  neur- 

ilgic    pain   (Fig.    127).       It   is    evident    that    these 

growths  are  the  result  of  an  abortive  attempt  at 

cpair  of  the  injured  nerve,  and  there  is  found  here 

jrtually   the   same   process   going  on   which  has 

[ready  been  described  in  the  section  devoted  to 

te  repair  of  nerve-fibres.     There  is  a  growth  of 

e  nerve-cylinders,  which  are  imbedded  in  a  mass 

fibrous  tissue  forming  around  the  end  of  the 
•Tve.     Such  tumors  appear  to  form  in  the  nerves 

the    stump    of  an   amputated    arm   more   fre- 
lently  than  elsewhere. 

The  excision  of  a  portion  of  the  affected  nerve- 
ixnk  usually  results  in  a  cure  of  the  neuralgia. 
zrcasionally  the  pain  returns.  Winiwarter  in- 
•nted  an  ingenious  operation  to  meet  the  dif- 
:tilties  presenting  in  an  obstinate  case.  On  one 
casion  he  divided  the  brachial  plexus  above  the 
=Lvicle  and  united  the  central  stumps  of  the 
;i-ves  in  pairs,  so  that  the  peripheral  portion 
ould  completely  be  isolated.  This  operation  was 
crcessful. 

A  form  of  tumor  which  is  generally  supposed  to  be  a  neuroma 
the  so-called  u painful  subcutaneous  tumor "  described  by  Paget. 
is  usually  found  in  the  extremities,  especially  the  lower.  Very 
rely  it  occurs  on  the  trunk  and  the  face.  It  is  seen  more  fre- 
ently  in  women  than  in  men.  It  consists  of  a  small  tumor  situ- 
?d  just  beneath  the  skin.  Occasionally  amyelinic  nerve-fibres 
i  found  in  it,  but  it  may  consist  also  of  a  loose  or  a  dense  con- 
ctive  tissue  or  of  fibro-cartilage.  Some  of  these  little  tumors 
>ved  to  be  leiomyoma  and  others  angioma,  and  still  others 
?rioina  of  the  sweat-glands.  Their  structure  is  therefore  not  cha- 
teTistic  of  any  particular  variety  of  tumor,  and  the  pain  is  prob- 
y  due  to  the  involvement  of  some  sensitive  nerve-fibre  in  the 
►wth. 


Fin.  127. — Neuro- 
ma from  an  Am- 
pulation-s  tump 
(Sp.  1154,  War- 
ren    Museum). 
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12.  Myoma. 


Tumors  composed  of  muscular  fibre  are  divided  into  two  classei 
o  the  first  class  belongs  the  leiomyma,  or  a  tumor  made  up  of 
riped  muscular  fibre;  to  the  second  belongs  rhabdomyoma^  a  > 
rer  form,  which  is  composed  of  cells  closely  resembling  striped 
uscular  fibre.     Virchow  named  these  two  forms  "myoma 
llulare'*  and  u myoma  striocellulare,11   respectively. 

Leiomyoma  is  found  most  frequently  in  the  uterus,  and  occasion- 
ly  also  in  the  muscular  layer  of  the  intestine  and  the  urinary 
gans.  It  is  also  seen,  though  rarely,  in  the  ovary;  it  is  likewise 
und  in  rare  instances  in  the  skin  and  in  the  subcutaneous  cellu- 
r  tissue.     The  muscular  cells  are  arranged  in  bundles  which  ran 

straight  or  in  wavy  masses  more  or  less  parallel  with  one  an- 
any  bundles,  however,  are  found  running  at  right  angles  or  raor« 

Kess  obliquely  to  the  others.     Between  these  bundles  there  exi&L^ 
ore  or  less  vascular  connective  tissue.     When  properly  staint^^\ 
le  long  statT-shaped  nuclei  are  brought  out  quite  distinctly,  aties^ 
le  cells  are  then  seen  to  exist  in  great  numbers  (Fig.  128).    The^ 


lis  may  be  isolated  by  picking  them  apart  in  the  fresh  state,  by 
lowing  them  to  remain  for  twenty-four  hours  in  a  20  per  cent  so- 
tion  of  nitric  acid,  or  by  placing  them  for  twenty  or  thirty  min- 
in  potash.     In  the  small  and  succulent  rnvomata  of  the  uterus 
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the  tissue  is  made  up  almost  entirely  of  muscular  fibre.  In  the 
large  tumors  a  considerable  portion  of  the  substance  of  the  growth 
consists  of  a  firm,  dense  fibrous  tissue.  These  tumors  are  called 
"fibromyomata."  In  some  cases  the  connective-tissue  growth  is 
soft  and  areolar*  and  such  tumors  are  much  less  dense.  Myoma  is 
not  usually  a  vascular  tumor,  but  in  some  cases  the  development 
of  blood-vessels  is  quite  marked.  In  other  specimens  larger  lymph- 
spaces  are  found  between  the  bundles  of  fibres,,  and  at  times  there 
are  seen  cysts  of  considerable  size,  due  to  a  dilatation  of  these  spaces, 
Nerves  are  occasionally  also  seen  in  these  growths.  The  fibrous 
portions  of  these  tumors  appear  as  a  glistening  white,  almost  ten- 
dinous, tissue;  the  muscular  portion,  as  a  reddish-white  or  a  gray 
structure. 

The  growth  of  these  tumors  in  the  uterus  is  exceedingly  slow, 

but   they  may  eventually  assume  a  greater  size  than  that  of  any 

other  known  tumor.     They  may  be  single  or  multiple.     They  may 

grow  on  the  outer  wall  of  the  uterus,  and  in  that  case  they  project 

into  the  peritoneal  cavity.     Such  tumors  are  known  as  subserous 

yttyomata.     When  the  growth  originates  in  the  middle  layers  of  the 

titerine  wall  the  tumor  is  called  an  "interstitial  myoma/'     Those 

growths  projecting  into  the  cavity  of  the  uterus  are  known  as  u  sub- 

niucous  myomata."     All  these  forms  may  occur  in   the  cervix  as 

^>^Tell  as  in  the  body  of  the  uterus. 

Uterine  myoma   frequently  undergoes  considerable   changes   in 

■^■J'oluine,  increasing  materially  in  size  at  the  period  of  menstruation. 

XMl&tiy  of  the  changes  are  produced  by  the   increased  flow  of  blood 

<=>r  by  a  dilatation  of  the  lymph-spaces.     A  marked  decrease  in  its 

^^ize  may  be  produced  by  contraction   of  the  muscular  fibre*  partic- 

"«_ilarly  when  it  is  subjected  to  the  long-continued  action  of  ergot. 

""^Jteriiie  myomata  may  undergo  softening.     This  change  occurs  in 

^■.arge  growths,  and  it  is  due  to  disturbance  of  circulation.     Fatty 

♦^degeneration  and  cysts  are  seen  under  such  conditions.    Calcification 

^occurs  in  old  myomata,  particularly  in  those  attached  by  a  narrow 

pedicle.     The  change  takes  place   in  the  connective  tissue,   the 

"xnuscular  fibres  undergoing  at  the  same  time  fatty  degeneration. 

Jn  some  cases  osteoid  tissue  is  found,  and  some  of  these  tumors 

liave  a  bone-like  hardness. 

Many  cases  of  leiomyoma  have  been  reported  growing  in   the 

stomach  and  in  the  intestinal  canal.     It  is  only  in  exceedingly  rare 

instances  that  they  attain  a  large  size.    The  growth  is  found  in  the 

ovary,  and  it  may  produce  a  large  solid  ovarian  tumor,     Such  a 

tumor  was  recently  removed  by  the  writer  from   a  woman  about 


"orty-five  years  of  age,  and  it  had  a  large  amount  of  unstriped  1 

cular  fibre.     It  was  about  the  size  of  a  child's  head  and  weigh^^    . 

r eight  and  a  half  pounds. 
Many  of  the  cases  of  enlarged  prostate  are  due  to  a  new  form*- 
tion  of  muscular  fibre.     In  some  cases  there  is  general  bypertropT^^v 
of  all  the  constituent  parts  of  the  gland;  in  other  cases  the  ghr         ~^n. 
lar  structures  appear  to  form  the  greater  part  of  the  growth.     T^t^ta 
principal  seat  of  the  muscular  growth  is  in  the  upper  and  poster-^^^of 
portions  of  the  gland  in  the  condition  known  as  hypertrophy  of  *~ 
middle  lobe  (Birch-Hirschfeld). 

Myoma  of  the  skin  is  always  composed  of  unstriped  rnuseur  ^ar^ 
fibres.  The  development  of  the  new  muscular  cells  takes  pi  -f  *laee 
either  from  the  muscular  walls  of  the  blood-vessels,  from  the  ei»-  --r^. 
tores  pilorum,  or  from  those  muscular  structures  seen  in  the  s  Esiib* 
cutaneous  tissue  in  the  scrotum,    the  labia,   the  nipples,   or  j^e 

face. 

Pure  myoma  of  the  skin  or  of  the  subcutaneous  tissue  r — ^mav 
either  be  solitary  or  be  multiple,  and  it  usually  grows  to  the  ~:— — ~mt  uf 
a  cherry.  It  is  moderately  soft,  and  it  appears  on  section  as  a  Krr  red. 
dish-white  tissue  resembling  either  a  sarcoma  or  a  fibroma  irrr-m  ■jiJ 

ing  to  its  density.     It  may  be  found  in  the  scrotum,  the  labia ■ 

the  nipple,  or  in  almost  any  region  of  the  body.  When  situ.  — i^ 
in  the  skin  it  appears  as  a  yellowish-red  or  a  dark -red  tumor,  ■■ftis 
found  more  frequently  in  young  people,  and  is  probably  in  n^Hnost 
cases  congenital.  Many  of  the  cases  of  true  keloid  are  undonbt^^sdly 
partly  muscular  in  structure;  hence  they  should  be  regard c  d  as 
fibromyomata.    Combinations  of  myoma  with  sarcoma  l— - nit. 

In  angioma  the  walls  of  the  blood-vessels  or  the  vascular  spaces— —  are 
composed  of  muscular  fibre,  which  frequently  constitutes  the  p^Karin- 
cipal  portion  of  the  tumor.  Such  a  tumor  should,  therefore,^ .  be 
called  "  angiomyoma."  Diffuse  fonns  of  myoma  are  seen  in  tMHiose 
cases  of  hypertrophy  of  the  skin  of  the  scrotum  partaking  of  the 
character  of  elephantiasis. 

Rhabdomyoma,  or  a  tumor  consisting  of  striped  muscular  fi        bre, 
is  a  rare  growth  as  an  independent  tumor.     It  is  found  more  fre- 

quently in  combination  with  sarcoma.     Bands  of  spindle-cells  v—^rilh 
striae  are  then  seen.     A  pure  rhabdomyoma  contains  bands  of  tEPiesc 
cells  that  are  marked  more  or  less  clearly  with  striations.     In  a^*ri*fi- 
tion  to  long  spindle-shaped  fibres  there  are  seen  round  or  cW  ub- 
shaped   cells   with   or   without  prolongations  (Zieglerl     Rhat^x/^ 
myoma  is  found  in  the  testicle,  in  the  heart,  and  in   the  musc-» 
system.    Myosarcoma  is  found  in  the  kidney  and  ia  the  testicle-     // 


las  been  observed  also  in  the  stroma  of  an  ovarian  cyst  and  in  cer- 
ain  forms  of  teratoma. 

13.  Angioma. 

The  name  angioma  is  given  to  tumors  the  main  portion  of  which 
s  composed  of  new- formed  blood-vessels.  There  are  two  princi- 
pal varieties  of  angioma — the  plexiform  angioma  or  naevus  and 
he  cavernous  angioma.  In  the  former  there  is  presented  a  tumor 
omposed  of  vessels  which  have  preserved  their  character.  In  the 
itter  there  are  no  distinct  vessels,  but  there  is  a  spongy  tissue 
omposed  of  a  stroma  containing  spaces  lined  with  endothelium 
nd  resembling  the  erectile  tissue. 

Plexiform  angioma,  teleangiectasis,  or  naevus  is  of  two  kinds. 
'he  superficial  forms  of  nsevus,  or  "mother's  marks,"  appear 
ther  as  bright- red  or  claret-colored  marks  upon  the  skin  or  as 
ig-htly  raised  portions  of  the  skin  also  stained  a  deep  red.  In  the 
rmer  the  skin  appears  to  be  unaltered  as  to  texture.  These  dis- 
•lorations  appear  to  be  due  to  an  enlargement  of  the  capillary 
rssels  in  the  papillae  from  which  spring  other  vessels.  The  out- 
le  of  these  spots  is  either  well  defined  or  there  are  a  number  of 
inute  prolongations  running  in  varying  directions.  Minute 
einishes  of  this  kind,  which  are  not  uncommon  on  the  nose  or 
.e  cheeks  of  young  children,  are  popularly  known  as  "spider 
mcers"  (naevus  aranaeus),  and  the  larger  spots  are  known  as 
port-wine  marks." 

Occasionally  the  skin  appears  to  be  hypertrophied  and  coarse- 
•ained,  which  is  due  to  hypertrophy  of  the  papillae.  These  spots 
>pear  at  or  soon  after  birth,  and  they  may  increase  considerably 
1  size,  but  usually  they  do  not  materially  change.  In  the  cavern- 
is  fonn  the  vascular  structure  is  more  developed.  Here  one  finds 
>ils  of  capillary  vessels  or  arterioles  which  are  grouped  together 
1  lobules,  and  which  have  apparently  taken  their  origin  in  the 
Lbcutaneous  adipose  tissue,  and  gradually  worked  their  way  up 
trough  the  channels  of  the  skin  to  the  surface,  where  they  make 
leir  appearance  soon  after  birth.  They  are  raised  somewhat 
>ove  the  surface  of  the  skin,  and  have  a  bright-red  color,  with  a 
tghtly  irregular  border.  The  part  beneath  the  skin  is  much 
lore  extensive  than  that  which  appears  upon  the  surface.  When 
ressed  upon  firmly  the  vessels  are  emptied  of  their  blood  and  the 
imor  disappears,  but  it  is  soon  again  filled  by  faintly-pulsating 
■aves. 

Jo  some  of  these  growths  the  muscular  ce\\s  are.  \'e.\^  tv\x\£^w>\n^> 
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and    the  vessels  are  then   usually  narrow.      These  growths 
known  as  "angiomyomata.,T     Sometimes  the  walls  of  the  vt 

kare  very  thin,  and  they  here  and   there  present  varicosities.      Si. 
conditions  are  found  in  angioma  of  the  brain  and  in  a  teleangi-^etv 
tatic  condition  of  certain  tumors.      Plexiform  atigioinata,  or  na?  -\  , 
are  found   principally   upon  the  head,   the  neck,   and   the  chc 

I  They  are  rarely  found  on   the  mucous  membrane  or  on  the  scroti.^* 
surfaces  of  the  liver,  the  spleen,  or  the  kidney.     They  are  oftai^^ 
multiple. 
The  more  vascular  forms  of  nsevus  sometimes  become  very  for- 
midable   growths,     and     they 
^^       fe^^  are  difficult  to  arrest  in  their 

A  j^k  progress,  covering  as  they  do- 

large  surfaces  and   ultimately 
causing    death     from    hemor- 
rhage (Fig.  129).    Fortunately, 
V  i  this  class  is  rare,  and  the  little 

^2  w  tumors  if  excised   do   not   re- 

turn.    The  smallest  nsevi  may 
I    J  ,      ,  be  cured  by  puncture  with  a 

m>  ^^a^A  ^L  not   needle    or   with    the   fine 

M  *l9w  point  of  a   Paquelin   cautery. 

MF  '*^^^r  ^e  P°rt>wme  marks,   which 

are  usual  lv  too  extensive 
for  excision,  are  not  affect- 
ed by  any  other  treatment. 
They  do   not,   however,    tend 

I  to    grow     beyond     a     certain 

Frc.  129.— Angioma  of  the  Lip  and  the  Neck,       point.        The      cavernous     an- 
gioma   is    composed    of  tissue 
like    that    of    the    corpora    cavernosa. 
It  is  probable  that  the  pure  forai  of  this  disease  develops  from 
the  venous  capillaries  by  a  process  of  budding  of  solid  masses  of 
protoplasm,   which  subsequently  became   hollowed  out  and  con- 
verted into  cavernous  tissue.     It  is  supposed  that  in  some  cases  the 
growth  develops  from  the  capillaries  of  the  part,  which   become 
dilated  and  fused  together.     In  other  cases  it  is  possible  that  com- 
munication takes  place  between  previously-formed  spaces  (lymph- 
spaces)  and  the  veins.     The  stroma  consists  of  a  connective-' 
trabecular  which  surround  spaces  whose  walls  are  lined  with  en- 
dothelium, and  in  which  spaces  the  blood  is  largely  vem 
130).      It  is  ou\y  \ri  rare  casts  ^a-aX  'Oc^se.  \xvv&ssv&  ^^\c^\*\sa&L 
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rge  arterial  branch.  Nerves  are  sometimes  found  in  these 
>rs,  and  the  muscular  cells  are  often  seen  in  large  numbers, 
he  tumor  appears  as  a  raised  and  lobulated  mass  occupying 
kin  or  the  subcutaneous  tissue,  with  a  more  or  less  well-defined 
ne.  The  color  is  either  that  of  the  skin  or  of  a  deep-blue 
e.  When  connected  with  the  arterial  system  the  color  is  a 
it  red. 

sevi  are  found  not  only  on  the  surface  of  the  body,  but  more 
y  also  in  the  muscles,  the  glands,  and  the  bones.     Their  com- 


Fig.    1 30, — Cavernous  Angioma. 

est  seat  in  the  internal  organs  is  the  liver,  but  they  are  seen 
in  some  instances  in  the  uterus,  in  the  intestine,  and  in  the 
der. 

'he  cavernous  angioma  is  rarely  congenital,  but  it  appears 
ear  late  in  life  in  the  internal  organs,  and  during  the  first  half 
fe  it  appears  in  the  skin  and  the  subcutaneous  tissue.  Many 
lese  tumors  are  exquisitely  sensitive.  They  grow  slowly,  but 
may  become  quite  formidable  and  dangerous,  owing  to  their 
and  to  their  liability  to  hemorrhage. 

"he  accompanying  drawing  shows  such  a  growth  upon  the 
i  of  a  young  man  (Fig.  131).  It  was  removed  by  an  almost 
dless  operation  with  the  Paquelin  knife.  There  were  in  the 
hborhood  several  smaller  wart-like  angioinata,  which,  as  they 
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Fiu.  iji. — Angioma  of  the  Scalp. 


liiul  not  increased  in  size,  were  not  treated.     In  cases  wl 
growth  is  too  deep  for  excision  the  cautery  may  be  used  01 

ligature  may  be  made  to  encircle 
the  mass. 

Angioma    retiosum,    a 
is  a   tumor  composed  of   d 
veins,  such  as  are  seen  in  1 
rhoidal  tumors.     They  are  found 
also  in  the  face  and  the  neckai*^ 
in    the    scrotum    and    the    labi; 
Some  of  these  tumors  are  sunt 
dilated  veins;  others  are  probai 
formed  by  a  new  development 
venous   blood-vessels,   pari 
those  in  the  face  and  the  neck. 

Aneurism*  racemomm^  or  cir- 
soid aneurism,  resembles  the  va- 
rix  closely,  but  it  is  composed  of 
dilated  arteries  instead  of  veins 
fvarix  arterial  is).  This  dilatation 
is  found  in  arteries  of  medium  size,  and  principally  upon  the  head, 
on  the  upper  extremity,  and  on  the  back.  Most  of  these  tumors 
are  composed  of  arteries  of  new  formation,  and  are  therefore  genu- 
ine tumors.  The  growth  of  new  arteries  occurs  very  much  in  the 
same  way  that  new  vessels  form  in  the  healing  of  wounds.  These 
growths  are  sometimes  most  formidable  affairs. 

Such  a  case  occurred  in  the  hospital  service  of  the  late  Dr.  G.  H.  Gay. 
The  tumor,  which  covered  the  median  portion  of  the  Bt  ->ln.  had  a  prolonga- 
tion that  divided  on  the  bridge  of  the  nose  and  ran  obliquely  across  each 
cheek.  Near  the  vertex  the  mass  appeared  to  consist  of  one  or  two  large 
chambers,  and  radiating  from  the  main  body  of  the  tumor  were  large  arteries 
occupying  the  seat  of  the  temporal,  occipital,  and  faciat  vessels.  The  writs 
was  called  bo  the  hospital  to  see  the  patient,  and  he  found  him  with  an 
abdominal  tourniquet  applied  to  a  rupture  on  the  top  of  the  tumor.  Ob 
removing  this  compress  a  perfect  geyser  of  blood  spurted  up  to  the 
a  font  into  the  air.  This  discharge  emptied  the  sac,  which  was  seized 
ligatured.  The  writer  ligatured  several  of  the  large  arteries.  A  few  v 
later  I)r  G*y  transfixed  the  growth  with  long  needles  and  over  them  passed 
figure-of-K  ligatures.  The  mass  sloughed  away  and  left  ■  healthy  gran  11  i 
surface  which  healed.  About  fifteen  years  later  the  writer  removed  an  epi- 
thelioma from  the  nose  of  this  patient,  on  whom  there  was  baldly  a  trace  of 
the  old  scar. 


A  tumor  of  precisely  the  same  description  is  given  in  Zicglcr's 
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Pathological  Anatomy.     In  the  case  reported  the  vessels  seem  to 
have  fused  together,  forming  in  the  tumor  several  large  chambers. 


14.  Lymphangioma. 

Lymphangioma  is  a  tumor  which  bears  the  same  relation  to  the 

I      lymphatics  that  angioma  does  to  the  blood-vessels.     It  consists  of 
a  connective-tissue  network  the  meshes  of  which  contain  lymph- 
spaces  lined  with  an  endothelium.      In  addition  to  the  connective- 
tissue  stroma  there  exists  often  fibrous  tissue  and  adipose  tissue, 
and    occasionally    numerous    blood-vessels.      The    following    de- 
scribed three  varieties  are  recognized:   The  lymphangioma   sim- 
plex, or  teleangiectasia  lymphadca,  which  consists  of  a  congeries 
of  dilated  lymphatic  vessels  that  are  in  part  a  new  formation  and 
i  n   part  a  dilatation  of  pre-existing  vessels  :  according  to  Wegner, 
tli is  variety  is  due  to  an  obstruction  in  the  lymphatic  circulation, 
and  it  is  analogous  to  the  venous  varix;  the  lymphangioma  caver- 
nosum,  which  consists  of  a  stroma  that  surrounds  cavities  formed 
t»y    the  fusion  of  pre-existing  and  new- formed  lymphatic  vessels 
CUttd   of  lymph-spaces  filled  with  lymph  (Winiwarter);  the  lymph- 
angioma  cystoides,  which  consists  of  a  cyst,  simple  or  compound, 
filled   with   lymph,   supposed   to   be   formed   by  the   fusion  of  the 
lymph -spaces  of  a  cavernous  lymphangioma. 

Lymphangioma  is  a  rare  form  of  tumor.  It  is  frequently  con- 
genital, but  it  may  also  be  an  acquired  growth.  It  is  found  in  the 
skin  and  the  subcutaneous  tissue,  and  also  in  the  tongue,  the 
g-ums,  and  the  lips,  as  well  as  in  the  scrotum  and  the  labium. 
The  writer  has  seen  a  well-marked  cavernous  angioma  in  the  skin 
of  the  back  of  an  adult  and  in  the  axilla  of  a  child. 

77//'  simp!,'  lymphangioma  is  often  accompanied  by  an  oedema 

^.nd    thickening   of    the    skin,    which    condition    has   been   called 

1  *  elephantiasis  "    or    l{  pachydermia   lymphangiectatica."      Such 

conditions  are  found  in  the  scrotum,  the  penis,  the  prepuce,   the 

clitoris,  the  labia  majora,  etc.     It  is  found  also  In  the  tongue  in 

x-nacroglossia,  and  on  the  conjunctiva.     It  often  forms  a  part  of 

the  congenital  diffuse  hypertrophies  of  the  lips  and  the  cheeks. 

-According  to  Virchow,  in  tropical  countries  lymphangiectasia  may 

■^Dccur  in  bunches  of  lymph-glands.     This  form  of  lymphangioma 

inay  be  circumscribed  or  be  diffuse.     Occasionally  perforation  may 

take  place  at  some  point,  and  a  lymph-fistula  is  developed  from 

^which  a  clear  serum   exudes  drop  by  drop. 

The  cavernous  lymphangioma   consists  of  a  number  of   large 
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lymph-spaces  communicating  more  or  less  perfectly  with  one 
another  and  containing  a  clear  or  a  milky  fluid.  It  appears  as  a 
soft,  more  or  less  fluctuating  tumor  on  the  face,  the  trunk,  or  the 

extremities,  and  it  is  eas 
mistaken  for  a  lipoma  or  an 
angioma,  and  even  after  op- 
eration  it  is  often  difficult  to 
decide  as  to  the  exact  nature 

VB  of  the  growth.    Theaccoirm. - 

W  panying  drawing  is  a  po«~* 

i^k^KB  ^^  trait  of  the  cavernous  typ*"< 

(Fig.     132)-       One    of    \\mmm 
lobes  was  aspirated  and  tlt^^nt 
child  died  of  septicaemia 

Cystic     IymphangiomtKaaa^ 
^r  which  is  usually  found  i 

^  ,_-^  the   neck,   is  one  form 

vf   M  hydrocele  of  the  neck. 

■»  ^  should,     however,    be    r€ 

Fig.  132.— Lymphangioma.  membered    that   a  certai 

number  of  these  cases 
hydrocele  are  branchial  cysts,  as  has  already  been  seen.     The  cys 
is  lined  with  endothelium,  and  it  may  contain  either  a  clear  or 
bloody  fluid.     Some  of  these  cysts  run  in  between  the  muscles 
Winiwarter  reports  such  a  complicated  cyst  associated  with  mas 
roglossia. 

These  cysts  are  situated  in  the  upper  part  of  the  neck,  and  the* 
may  send  prolongations  as  far  as  the  mediastinum.     In  one 
which  came  under  the  writer's  care  there  was  a  swelling  bencali 
the  angle  of  the  jaw,  on  opening  which  swelling  a  large  quantity 
of  clear  serum   escaped.     The  ramifications  of  the  cyst  were 
extensive  that  it  was  impossible  to  follow  them.     The  patient  wi 
an  adult.     Most  of  these  cases  of  hydrocele,   however,   arc  coo- 
genital,  but  they  grow  slowly.     Congenital  cystic  lympbangiomaj 
is  also  found  between  the  skin  and  the  sacrum. 

The  operative  treatment  of  these  tumors  at  the  present  time  is 
not  nearly  so  dangerous  a  proceeding  as  formerly,  but  the  direct 
communication  with  the  lymphatic  system  renders  such  cases 
liable  to  general  septic  infection  if  strict  asepsis  is  not  observed. 
In  the  cases  of  hypertrophy  wedge-shaped  masses  should  be 
excised  to  relieve  the  deformity.  Many  of  the  well-defined  forms 
of  lymphangioma  can  be  extirpated:  when  this  is  not  possible  free 
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incision  should  be  made,  and  the  cavities  should  be  stuffed  with  an 
ntic  or  iodoform  gauze. 

rt$*    PSAMMOMA. 
Psamrnoma  is  a  growth  usually  found  on  the  membranes  of  the 
brain,    and    it   contains  calcareous  concretions.      Particles  of  sand 
are  found  in  the  pineal  gland,  on  the  choroid  plexus,  in  the  Pac- 
chionian bodies,  and  in  small  bodies  on  the  dura  mater.     Tumors 
containing  sand    are   found    occasionally   also   in    the   lymphatic 
crl^Lnds,    the   thymus   gland,    and    on   the   capsule   of   the   testicle. 
fliey   may  also  be  found  in  sarcomatous  and   in   carcinomatous 
growths. 

The  particles  of  sand  are  scattered  over  the  tumor,  and  they  are 
found  lying  cither  in  a  connective-tissue  stroma  which  has  under* 
gone  a  hyaline  degeneration,  or  are  surrounded  by  concentric  layers 
of  cells,  which,  according  to  maiiv  observers,   are  endothelial  in 
character.     The  origin  of  these  concretions,   according  to  Birch- 
Hirschfeid  and  others,  is  due  to  a  retrograde  change  in  a  growth 
of  bud-like  sprouts  from  the  walls  of  the  blood-vessels.     The  only 
specimen   examined   by  the   writer   was   a   tumor   the  size   of  a 
pigeon's  egg  which  was   removed  from   the  dura  mater.      It  was 
white  and  had  a  fibrous  appearance.     Microscopically,  it  consisted 
of    numerous   concretions   surrounded   by  cells  apparently  of  an 
endothelial    nature.      There  were    numerous   fibrous  septa  which 
supported  this  rich  cell-structure.    The  fibrous  forms  of  psamrnoma 
are  benign  growths,  but  it  is  well   to  remember  that  these  concre- 
tions may  also  be  found  in  malignant  tumors. 


It  is  the  purpose  in  this  section  to  consider  the  methods  which 
ve  been  developed  whereby  the  surgeon  is  enabled,  by  the  exam- 
*.tiou  of  the  blood  and  the  various  excretions  and  secretions  of 

other  methods  of  precision 
act  data  possible  in  order  for  him  to  arrive  at  his  diagnosis  and 
Dgnosis.      It  is  not  intended  to  speak  in  detail  of  the  methods  to 

employed  in  making  the  examinations,  but  to  consider  so  far  as 
ssible  only  those  processes  which  will  probably  throw  light  upon 
Egicsl  conditions.  The  mass  of  literature  upon  the  various  lab- 
atory  methods  and  the  routine  experiments  carried  on  in  hos- 
^als  are  most  perplexing  to  the  practitioner  ;  yet  from  this  large 
lonnt  of  material  some  certain  results  have  been  obtained,  and  it 
desired  to  set  forth  these  so  far  as  possible,  leaving  the  problem- 
^cal  questions  entirely  aside.  These  latter  may  or  may  not  find 
place  among  the  permanent  aids  to  diagnosis  ;  but  until  they  do, 
ey  deserve  no  place  in  a  text-book  devoted  to  facts. 

The  student  who  wishes  to  do  his  own  laboratory  work  is 
Ferred  for  the  details  of  the  methods  which  are  here  mentioned 

Mallory  and  Wright's  Pathological  Technique  or  to  Simon's 
*inical  Diagnosis  ;  and  he  is  assured  that  patience  and  persever- 
.ce  will  make  him  sufficiently  proficient  in  making  practically 
L  of  the  important  tests  which  will  yield  valuable  clinical  evi- 
nce for  the  establishment  of  accurate  diagnosis  and  prognosis. 

It  is  part  of  every  surgeon's  duty,  in  so  far  as  he  is  called  upon 

be  a  diagnostician,  as  well  as  an  operator,  to  know  what  labora- 
rv  methods  can  be  expected  to  yield  him  positive  results,  and  to 

able  to  call  upon  his  assistant  or  an  expert  to  make  the  report 
1011  the  point  to  be  elucidated.     He  should  not  send  a  specimen 

blood  or  urine,  or  any  secretion  or  excretion,  simply  on  the 
ance  that  it  may  yield  some  knowledge,  but  must  have  a  clear 
"a  of  the  point  upon  which  he  wants  negative  or  confirmatory 
formation. 

No  attempt  is  here  made  to  consider  symptoms  which,  though 
>sely  connected  with  the  subject  under  consideration,  really 
long  to  the  clinical  history  of  the  case.  As  an  example  of 
lat  is  meant,  would  be  the  fact  that  in  hemorrhage  coming  from 
E  bladder,  if  micturition  is  painless,  it  is  strongly  indicative  of 
mor  of  the  bladder ;  or  if  from  the  kidney  and  intermittent,  it 
ongly  points  to  a  new  growth.  These  are  clinical  observa- 
»ns  which  are  important  in  the  case,  but  have  nothing  to  do  with 
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laboratory  observations  for  the  determination  of  the  seat  of  the 
hemorrhage. 

Blood-examination  as  an  Aid  to  Surgical  Diagnosis.- 
Although  a  great  deal  has  been  written  of  late  years  about  ibe 
examination  of  the  blood,  but  very  little  of  it  is  applicable  as  an 
assistance  to  surgical  diagnosis.  Practically  no  surgical  disease 
present  pathognomonic  blood-conditions  ;  but  in  spite  of  this  a 
good  deal  of  light  may  be  obtained  which  will  be  of  great 
in  arriving  at  a  correct  diagnosis. 

As  regards  anemia  :  Many  people  are  by  no  means  abso!; 
deficient  in  hemoglobin,  though  they  may  be  very  pale.  People 
may  also  have  a  very  exaggerated  idea  of  the  amount  of  blood 
they  have  lost  in  hemorrhages  from  the  bowels,  stomach,  menu, 
nose,  or  elsewhere.  In  cases  where  there  is  doubt  as  to  the 
patients  or  friends1  statements,  the  estimation  of  the  hemo. 
will  usually  determine  whether  or  not  there  is  profound  anemia 
resulting  from  thescconditions. 

By  far  the  greatest  amount  of  information  about  surgical  o 
tions  is  to  be  derived  from  the  white  blood-count  sh 
or  presence  of   a  leukocytosis,  and   its  amount    if    present    The 
normal  number  of  white  blood-corpuscles,  or  leukocytes,  is  about 
6000  to  7500  to  the  cubic  millimeter.      Tl  ncreased  in  all 

inflammatory  conditions  produced  by  the  ordinary  pyogenic  cocci. 
The  value  of  such  a  fact  is  at  once  clear,  for  inflammatory  condi- 
tions are  by  far  the  most  frequent  with  which  the  general  surgeon 
has  to  deal.     Next  of  importance  for  the  surgeon  to  remember  is 
that  uncomplicated  typhoid  fever,  tuberculosis,  and  malar- 
rise  to  practically  no  increase  in  the  number  of  leukocytes;  hence 
in  all  those  obscure  cases  where  one  of  these  diseases  rather  than 
an  inflammatory  condition  could  explain  an  obscure  clinical  his- 
tory, the  probability  would  be  made  all  the  stronger  bv  fin 
practically  normal   leukocytosis.      In  the  cases  of   both  typhoid 
fever  and  malaria  this  probability  can  be  made  certainty  by  further 
blood-examination  if  in  the  former  case  the  agglutination-reaction 
is  demonstrated,  or  the  presence  of  the  plasmoantm  malaria 
latter. 

Intestinal  obstruction,  whether  or  not  of  malignant  character, 
usually  shows  leukocytosis,  which  is  especially  apt  to  be  0 
in  cases  of  cancerous  obstruction.     Therefore  the  blood-coin 
not  be  resorted  to  in  order  to  give  differentiation  between 
obstruction    and    intestinal    paralysis,    resulting    from   pern 
whether  general  or  local.     Further,  in  regard  to  the  acute 
matory  processes  in  the  abdomen  in  very  uVht  1 
pie,  catarrhal  appendicitis  and  salpingitis,  the  leak 
small,  while  the  same  is  true  in  the  sev 

appendicitis.     So  no  one  should  make  the  mistake,  in  a  case  of 
appendicitis  where  symptoms  all  point  to  severe  it  the 

absence  of  all  leukocytosis  or  the  presence  of  only  a  -  tea* 

in  the  white  count  at  all  does  away  wTith  the  di  established 

by  the  clinical  symptoms  ;  it  rather  strengthens  the  diagnosis  aud 
may  make  the  prognosvSk  mote,  unfavorable. 
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In  cases  where  a  diagnosis  has  been  made  of  an  inflammatory 
condition  or  of  suppuration,  but  where  it  seems  doubtful  whether 
operative  interference  is  necessary,  repeated  white  blood-counts  are 
of  the  greatest  assistance,  an  increase  in  the  number  of  leukocytes 
denoting  an  extension  of  the  process  and  a  diminution  showing 
favorable  progress  toward  absorption.  Sudden  increase  in  Jeuko- 
cytosis  is  often  the  first  sign  of  pocketing  of  pus  in  or  about  a 
wound.  This  sometimes  occurs  even  before  a  corresponding  rise 
in  the  temperature  ;  or  in  other  cases  it  will  show  that  the  rise  of 
temperature  which  has  been  observed  is  due  to  extension  of  the 
inflammatory  or  suppurative  process,  and  not  to  other  general  con- 
ditions which  might  explain  the  appearance  of  fever. 

Where  a  surgeon  is  removed  from  the  facilities  for  making  suit- 
able  microscopic  examinations,  not  having  the  necessary  apparatus 
for  making  blood-counts  and  examination  of  fresh  blood,  it  is  well 
to  remember  that  often  a  good  many  points  may  be  obtained  by  an 
expert  examination  of  the  dried  specimen  of  the  blood.     One  who 
5  done  a  great  deal  of  blood-work  is  able  from  such  a  preparat- 
ion to  give  a  very  fair  estimate  of  the  amount  of  hemoglobin  from 
e  color  of  the  corpuscles,  and  of  the  degree  of  leukocytosis  from 
e  proportion  of  whites  that  appear  in  the  field.     The  presence 
malarial  parasites  can  also  be  determined  ;  while  the  variety  of 
e  leukocytic  cells  present  will  give  more  or  less  indication,  as  the 
e  may  be,  of  the  actual  condition  of  the  patient. 
The  cover-slips   for  such   an  examination  should  be    carefully 
ead   and   sent   by  mail   to   the   nearest   expert   011   the  blood. 
Ithough  as  much  cannot  be  hoped  for  as  from  repeated  examina- 
8  by  an  assistant  at  the  bedside,  yet  such  examination  may 
help  in  the  diagnosis  of  some  doubtful  and  perplexing  case.    When 
cli  a  specimen  is  sent  it  is  especially  important,  as   it  is  also 
sirable  in  all  cases,  to  give  the  examiner  as  clear  an  idea  as  is 
ssible  of  what  is  expected.       For  example,  do  the  red  corpuscles 
show  marked  loss  of  hemoglobin  ?     Are  there  malarial  parasites 
present?     Is  there  an  apparent  leukocytosis?     A  differential  count 
s  not  desired  unless  it  should  seem  necessary. 

As  has  been  stated  in  the  first  part  of  this  section,  the  surgeon 
hould   know  what  he  wants  looked  for  and  ask  for  it.     Then, 
should  anything  of  diagnostic  value  accidentally  appear,  the  exam- 
ner  is  bound  to  add  it  in  his  report. 

In  cases  of  doubtful  cancer  of   the  stomach  the  presence  or 

bsence  of  the  so-called  digestive  leukocytosis  will  give  a  hint  as 

to  the   functional  activity  of  the  stomach  ;  but  as  this  activity  is 

checked  by  so  many  non-malignant  conditions  it  is  at  best  but  a 

iint. 

Of   the  chemical  constituents  of  the  blood  but  one  deserves 
special   notice  from   the  standpoint  of  the  surgeon.     Sugar  is  a 
normal  constituent  of  the  blood.     In  certain  conditions  it  is  much 
ncreased  above  the  normal  ;  chief  of  these  is  carcinoma.     Tuber- 
losis  and  syphilis,  though  showing  an  increase,  are  so  far  below 
amount  found  in  cancer  that  usually  they  do  not  cause  confu- 
te     It  seems  that  this  increase  in  the  sugar  m  tW \1\0cA  ^ncjoa.- 


bly  appears  early  and  is  not  augmented   by  advancing  cachexia. 
Should  one  wish   for  such  an   examination  of   the  blcx 
presence  of  excess  of  sugar,  half  an  ounce  of  blood  should 
lected  and  be  put  iu   four  or  five  ounces  of  strong  alcohol.    The 
time  of  taking  the  blood  should  be  marked  upon  the  label,  a 
mixture  should  be  sent  to  the  analyst  so  as  to  arrive  within  I 
three  hours  from  the  time  it  was  drawn. 

Bacteriological   Examinations.— The   varieties  of   bacteria 
found  in  the  various  inflammatory  processes  are  often  of  gr. 
in  both  prognosis  and  diagnosis,  and  often  determine  qm 
arising  as  to  the  extent  of  an  operation.     The  methods  arc 
by  which  this  information  is  obtained  ;  and  even  where  no  direct 
knowledge  is  gained  it  is  well   for  each  surgeon,  as  far  as  possi- 
ble, to  collect  such  statistics  as  he  can  iu  order  that  at  some  time 
a  comparison  with  other  similar  work  may  lead  to  an  advance  in 
our  clinical  information.     A  very  small  outfit  is  needed  to 
one  to  do  all  the  necessary  proceedings  :  cover-glasses  on  which 
smear-preparatious  can  be  made,  a  few  test-tubes   plugged  with 
cotton  and  sterilized,  and  a  few  brass  or  copper  wires  on  one  end 
of  which  a  little  cotton  has  been  rolled.     These  sterilized  cotton 
swabs  are  used  to  collect  pus  or  other  fluids  to  be  examined  (see 
page  160).     For  obtaining  joint,   pleural,   or  pericardial  rl 
ordinary  hollow  needle  or  small  trocar,  suitable  for  the  occasion, 
and   an  ordinary  glass   syringe,   having  a  short  piece  of  rabbeT 
tubing  which  serves  as  a  connection  with  the  needle,  are  all  the 
equipment  necessary.      This  combination  is  easily  sterilized  by 
boiling.     The  size  of  the  syringe  can  be  graduated  to  the  wants  of 
the  individual  case  ;  if,  however,  one  wishes  to  use  a  more  elabor- 
ate form  of  syringe,  he  will  find  plenty  in  the  market  from  which 
to  select. 

For  purposes  of  study  of  pathological  bacteria  by  means  of  cult- 
ures,  blood-serum    is   the   easiest   and   best   medium   to  employ, 
and  except  in  very  rare  instances  none  other  is  needed.     A  few 
drops  of  the  fluid  withdrawn  by  the  needle  are  put  upon  the  sur- 
face of  the  blood-serum  or  the  swab  which  has  been  dipped 
pus  is  drawn  over  the  surface.     In  most  instances  the  bacteria  are 
so  infrequent  in  the  pathological  material  which  it  is  desired  to 
study,  that  discrete  colonies  are  formed  on  the  surface  of  the  serum  : 
and  further  it  is  to  be  remembered  that  unless  the  cavity  ha- 
chance  of  infection  from  without  it  is  rare  to  find  more  than  two 
or  three  varieties  of  bacteria.     Great  care  should  be  taken  ii 
iug  pus,  blood,  or  serum   for  cultivation   that  no  c 
mate,  carbolic  acid,  or  other  antiseptic  comes  in  contact  wit 
very  minute  quantities  check  bacterial  growth  even  when  f. 
not  destroy  it. 

In  some  instances  where  the  bacteria  are  very  infrequent  ai 
inoculation  has  to  be  employed  in  order  to  get  a  correct  di: 
This   is  especially   so  in    cases   of  tuberculosis,    where  it  r 
practically  impossible  to  find  the  bacilli  of  tuberculosis  and  their 
slow  growth  makes  the  culture-method  of  no  value.     The  guinea- 
pig  is  by  fat  l\\e  u\os\  vv^vasX  ^WYvxvaX  fos.  \\\c*cv\la.Uott-ourpti- 


always  well  to  use  two,  so  as  to  have  control  and  provide  for  pos- 
sible accidents. 

joints. — In  the  case  of  effusions  into  the  joints,  much  may  be 
learned  by  the  use  of  the  needle.  Cover-glass  preparations  will 
probably  tell  whether  the  condition  is  due  to  some  of  the  pus-cocci 
— usually  the  streptococcus,  the  Staphylococcus  pyogenes  aureus, 
or  the  gonococcus.  Although  all  may  appear  within  the  leuko- 
cytes, and  the  streptococcus  and  gonococcus  look  very  much  alike, 
yet  the  Gram  stain  will  serve  to  differentiate  them.     Should,  how- 

»ever,  there  be  no  pyogenic  cocci  found  either  on  the  cover-slip  or 
in  the  cultures,  and  no  bacilli  of  tuberculosis,  it  would  be  well  to 
have  recourse  to  animals  to  make  sure  of  the  presence  of  tuber- 
culosis. Should  gonococci  be  suspected,  it  must  be  remembered 
that  they  require  special  media  for  their  growth  ;  but  usually  they 
can  be  found  iti  the  cover-glass  preparations. 

I  The  meaning  which  the  presence  of  the  various  forms  of  bac- 
teria carries  to  the  surgeon  may  be  interpreted  in  general  as  fol- 
lows :  Streptococci  and  staphylococci  usually  lead  to  suppurative 
conditions  with  destructive  processes  ;  the  gonococcus  seldom  pro- 
duces more  than  a  serous  effusion  into  the  joint  and  mild  inflam- 
matory reactions.  The  presence  of  bacilli  of  tuberculosis  practi- 
cally always  means  trouble  starting  in  the  bone  and  from  there 
invading  the  joint  These  considerations,  modified  as  they  may 
be  by  the  clinical  picture,  determine  the  action  of  the  surgeon 
in   the  individual  case  he  has  under  consideration. 

^  Pleura. — Where  there  is  reason  to  suspect  an  effusion  in  the 
chest,  the  needle  will  show  almost  always  the  organism  causing 
the  inflammatory  process.  If  the  fluid  is  clear,  the  pneumueoccus 
is  the  most  common  form  of  bacteria  found  ;  but  the  bacillus  of 
tuberculosis  may  also  be  found  in  such  a  fluid.  If  the  culture- 
tubes  planted  from  the  fluid  show  no  growth  at  the  end  of  sixteen  to 
twenty-four  hours,  and  if  the  bacilli  are  not  found  by  means  of  the 
appropriate  staining-methods,  resort  must  be  had  to  animal  inocu- 
lations. When  pus  is  preseut  in  the  pleural  effusion  the  tempera- 
ture and  general  reaction  are  usually  less  with  the  pneumocoecus 
than  with  the  more  virulent  staphylococcus  or  streptococcus,  and 
there  is  more  chance  of  getting  resolution  than  if  these  latter 
organisms  are  present.  Where  a  large  number  of  organisms  are 
found,  communication  must  have  been  established  with  the  lung 
or  with  an  abscess  penetrating  from  without  or  from  below  into 
the  pleura.  The  colon-bacillus  points  especially  to  a  sub-dia- 
phragmatic origin  of  the  pus.  In  all  cases  the  variety  of  the 
bacteria  found  is  of  prognostic  rather  than  of  diagnostic  value  ; 
but  it  is  possible  to  have  apparently  desperate  cases  where  the 
presence  of  pneumococci  would  decide  whether  or  not  to  attempt 
to  operate. 

In  addition  to  what  has  already  been  said  in  regard  to  the 
bacteria  commonly  found  in  abscess-fonnatiou,  other  bacteria  may 
be  found  in  pure  culture  or  combined  with  the  usual  forms.  Thus 
pure  culture  of  the  typhoid  bacillus  has  been  noted  in  cholecystitis, 
and  the  Bacillus  coli  communis  is  common  \n  abscess^*  titaf&r 
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bowels.  In  liver-abscesses  the  Amoebae  coli  may  be  found,  or 
the  booklets  of  the  hydatid,  and  at  times  the  yellow  calcareous 
granules  of  the  actinomycetes,  which  of  themselves  are  sufficient  to 
give  an  accurate  diagnosis  of  the  condition  which  previously  mav 
have  been  most  puzzling. 

Where  anthrax  is  suspected,  the  serum  from  blisters  about  the 
wound  will  often  show  the  bacilli.  In  pus  from  an  anthrax 
infection  of  the  neck  it  is  often  hard  to  demonstrate  the  large 
bacilli;  but  culture  or  inoculation  of  a  mouse  will  settle  the  matter 
in  from  twelve  to  twenty-four  hours. 

Urine. — The  bacteria  found  in  urine  containing  pus  are  i 
bacteria  of  decomposition,   as  found  in  many  cases  of  cyst 
pyogenic  organisms  and  bacilli  of  tuberculosis. 

If  pyogenic  bacteria  have  been  introduced  through  the  uic 
and  found  their  way  into  the  kidney,  other  bacteria  will  usually  be 
found  with  them. 

In  making  a  diagnosis  of  tuberculosis  of  the   genito-ur: 
tract  the  possibility  of  mistaking  the  smegma  bacilli  for  the  bacilli 
of  tuberculosis  must  be  borne  in  mind,  and  the  .specimen 
in  strong  alcohol  after  passing  through  the  sulphuric  a* 
of  through  the  usual  60  per  cent,  alcohol.     In  cases  of  doubt  as  to 
which  kidney  has  been  infected  the  urine  should  be  eulln 
the   manner  described   in  the  portion  of   this  section 
urine;  and  if  the  bacilli  cannot  be  detected  by  tin 
of  examination,  some  of  the  urine,  with  the  sediment  th. 
by  the  centrifugal  machine,  should  be  injected  into  a  E 
It  goes  without  saying,  that  all  such  urine  must  be  collect: 
the  greatest  precautions  to  insure  it  from  contamination 

Urinary    Conditions   which    are    of  Value    in    Surgical 
Diagnosis   and  Prognosis. — In  every  operative  case,   as  practi- 
cally in  all  cases,  there  should  be  a  routine  examination  of  1; 
eliminate  the  possibility  of  renal  degeneration  entering  in  I 
plicate  the  existing  surgical  conditions.     The  present* 
of  a  nephritis  has  its  value  in  the  determination  of  the  d 
of  an  operation  and  its  influence  upon  the  prognosis  of  the  c 
of  which  are  to  be  found  set  forth  at  length  in  the  books  upon 
renal  diseases.     The  urinary  conditions,  however,  which  it 
posed  to  study  are  those  where,  in  the  absence  of  so-called  lie] 
whether  acute  or  chronic,  a  single  condition  or  chain  of  con 
may  give  assistance  to  the  surgeon. 

First  of  all,  we  shall  consider  the  amount  of  urim 
slight  importance  in  diagnosis.      In   America  the  daih 
seems  to  be  less  than  in  Europe.     Whether  this  U    because  the 
dryness  of  our  climate  in  summer  and  the  similar  condition 
furnace-   and    steam-heated    houses   in    the   winter   cause   greater 
activity  of  the  sweat-glands,  or  whether  it  is  due  to  other 
has  not  been  determined.     Nevertheless  the  fact  seem< 
that  a  healthy  man  excretes  about  1200  c.c,  of  urine  daily,  and  a 
woman  somewhat  less.     This  amount  is  often  much 
those  confined  by  any  reason  to  their  room  Of  their  bed.  and  tk 
same  conditions  affect  \\\e  &SvA  c^^\L\\v*k\\v^  q£  Uvt  urine. 
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Where  the  kidneys  are  particularly  sluggish  the  shock  of  an  oper- 
ation may  be  sufficient  to  produce  suppression  of  urine.      In  such 
es  there  seems  to  be  a  decidedly  unanimous  opinion  that  suppres- 
of  urine  is  much  less  liable  to  follow  operative  measures  if  the 
urinary  excretion  can  be  increased  to  normal  or  even  to  more  than 
ic  normal  amount ;  and  surgeons  feel  much  safer  in  operating 
under  such  conditions,  even  though  the  total  amount  of  solids  may 
have  increased  but  slightly  or  not  at  all. 

The  color  of  the  urine  will  give  diagnostic  suggestions  when  it 
smoky  or  dark,  suggesting,  as  it  may,  the  presence  of  blood -pig- 
ment or  carbolic-acid  poisoning  ;  bile,  when  the  color  is  greenish 
Dr  brown.    The  latter  may  be  present  without  a  corresponding  jaun- 
dice of  the  skin,  and  give  a  hint,  otherwise  not  obtainable,  of  biliary 
obstruction.     It  is  well  to  remember,  in  this  connection,  that  cer- 
tain drugs,  as  carbolic  acid  and  salol,  give  peculiar  color  to  the 
urine.      In  such  cases  the  urine  may  be  dark  green  or  even  black. 
Ihubarb  and  senna  produce  shades  of  brown,  and  santonin  a  yellow 
greenish  tint.     Hence  a  few  questions  may  prevent  one  being 
put   on   the  wrong  track   when   attempting  to   make  a  diagnosis 
from  the  color  of  the  urine.      If  the  coloring-matter  in   the  urine 
proves  to  be  derived  from  blood,  the  case  assumes  much  greater 
gical  importance.     First  of  all,  the  distinction  is  to  be  made 
between  free  blood  and  blood-coloring  matter;  between  hematuria 
and   hemoglobinuria.     Hemoglobinuria,  excepting  in  the  case  of 
6urtis,  has  little  surgical  significance;  and  here  it  may  indicate 
much  greater  severity  than  would  be  supposed  from  the  external 
appearances. 

t  Hematuria,  on  the  other  hand,  is  of  special  surgical  significance, 
d  demands  careful  consideration  whenever  it  is  found.  The  blood 
in  the  urine  may  come  from  any  portion  of  the  urinary  tract.  Bright 
blood  appearing  at  the  first  part  of  micturition,  while  the  urine 
voided  during  the  latter  part  is  partially  or  wholly  clear,  points  to 
the  urethra  as  the  seat  of  the  lesion.  If,  on  the  other  hand,  the  act 
of  micturition  is  closed  by  a  few  drops  of  bright  blood,  the  seat  of 
the  hemorrhage  is  probably  near  the  neck  of  the  bladder. 

The  principal  vesical  conditions  giving  rise  to  hematuria  are 
acute  cystitis,  traumatism,  calculus,  ulcers,  new  growths  (whether 
malignant  or  benign),  parasites,  and  rupture  of  varicose  veins.  In 
case  the  hemorrhage  is  profuse,  there  will  be  blood-clots.  The 
blood-corpuscles  are  not  usually  equally  distributed  through  the 
urine,  and  for  the  most  part  they  are  of  normal  appearance  or 
somewhat  crenated.  On  allowing  the  urine  to  stand,  the  corpuscles 
tend  to  sink  to  the  bottom  of  the  glass,  leaving  the  urine  above 
nearly  clear,  and,  if  there  is  no  nephritic  complication,  almost 
devoid  of  albumin.  Should,  however,  there  be  marked  alkaline 
cystitis  present,  the  blood-corpuscles  will  be  found  to  have  lost 
their  hemoglobin  and  characteristic  shape,  appearing  simply  as 
colorless  spheres. 

That  the  blood  comes  from  the  bladder,  may  be  made  certain  in 
mbtful  cases  by  washing  out  the  bladder  and  then  catheterizing 
gait]  in  a  short  time,  when  the  condition  of  t\\e  \AocA-<^^\x^\^ 
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will  show  whether  they  come  from  the  upper  urinary  b  vesi- 

cal wall. 

It  is  very  difficult  to  decide  whether  or  not  the  seat  of  hem- 
orrhage is  in  the  ureters.  The  worm-like  di  posed  to  he 
indicative  of  hemorrhage  from  the  ureter  may  come  as  well  from 
a  hemorrhagic  clot  extending  downward  from  the  pelvis  of  the 
kidney. 

Hematuria  arising  from  the  kidney  may  be  due  to  calculus,  new 
growths,  tuberculous  ulceration,  and  trauma,  in  addition  to  a 
number  of  strictly  medical  conditions,  which   must  be  eliminated. 

Primary  or  concurrent  renal  disease  is  usually  to  be  determined 
by  the  presence  of  urinary  casts,  especially  if  there  are  blood-cor- 
pu>'  hereut  to  them.     At  times  it  may  be  necessarv  t->  make 

a  mtautitative  estimate  of  the  amount  of  iron  and  of  albumin  1 
ent  in  a  given  urine,  in  order  to  decide  whether  there  is  alb 
nuria  greater  than  that  due  to  the  presence  of  blood  in  die  urine. 
The  same  methods  to  be  detailed  later  in  conne<  h  rcual 

pyuria  are  applicable  to  determine  whether  the  hi 
nates  in  the  right  or  the  left  kidney,  or  comes  equally  froi 
Carefully  considered  clinical  history  will  often  give  a  definit> 
to  many  of  the  questions  suggested,   by   finding  the  symptom  of 
hematuria,  and    make  the  subsequent   examinations  simply  con- 
firmatory. 

The  further  study  of  the  sediment  may  also  throw  light  upon  the 
cause  of  the  hematuria.     In  some  instances  shreds  of  new  gi 
are   found  ;    which    should  at   once   settle   doubtful    cases.       The 
presence  of  a  large  crystalline  deposit  in  the  sediment  vouJd  be  a 
finger-mark  as  to  the  possibility  and  make-up  ol  a  renal  >>i  \t 
calculus  ;  and  although  it   may  be  unimportant  to  know  what  the 
exact  form  of  salt  is  which  makes  up  the  bulk  of  the  cak: 
the  presence  of  such  a  deposit  may  turn  the  scale  in  deciding  to 
operate  or  not  to  operate  where  there  is  doubt  whether  the  case  is 
one  of  stone  or  tuberculosis. 

Pyuria*  or  pus  in  the  urine,  is  distinctly  a  surgical  condition. 
The  pus,  like  the  blood,  may  come  from  any  portion  of  the  urinary 
tract.     The  presence  of  a  drop  of  pus  at  the  meatus,   folio* 
pressure  along  the  urethra,  indicates  a  urethritis.   That  the  urethra 
alone  is  involved,  may  be  determined  by  passing  the  uri ! 
or,  better,  into  three  glasses,  and  allowing  it  to  stand,      l!   (be 
comes  from  the  urethra,  only  the  first  glass  or  the  first  two  will  be 
cloudy  and  contain  pus  in  the  sediment,  while   the  la 
contain  practically  normal  acid  urine.     Should,  however,  the  blad- 
der be  the  seat  of  a  cystitis,  the  last  glass  will  contain  as  much,  if 
not  more,  pus  than  the  first. 

When  a  cystitis  has  been  present  for  some  time*  thet 
ally  an  alkaline,  foul-smelling  urine.     Should  the  urine  con' 
considerable  pus,  and  yet  remain  acid  in  reaction,  tuberenh 
be  distinctly  thought  of  as  the  cause,  provided  this  is  not  contTa- 
indicated  by  the  presence  of  crystalline  deposits,  as  calcic  oxa 
and  uric  acid.     In  case  of  marked  cystitis,   the  pus  settles  as  a 
stringy,   sticky*  aA\\etew\  \wa£<=,  aX  \\vt  \^vva\\  ^  U\e  ^lass.     The 
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ffloet   common  causes  of  cystitis   is  retention  of  urine  from  an 
enlarged  prostate.     Here  the  age  and  symptoms  give  the  probable 
diagnosis.      The  next  most  common  cause,   if  not  of  equal  fre- 
icy.  will  be  the  introduction  of  foreign  bodies  into  the  bladder 
(catheters,  calculi)  or  ulcerations  (whether  tuberculous  or  from  new 
growths).      Sudden  increase,   followed  by  a  slight  or  marked  lie- 
crease,  in  the  amount  of  pus  probably  means  that  a  pus-cavity  has 
opened  into  the  urinary  tract  and  is  draining  freely.     The  origin 
£>/    the    abscess   must   be   determined   bv   the   clinical    symptoms. 
pTurther,  it  must  be  remembered  that  in  most  cases  sudden  disap- 
pearance of  pus  from  the  urine  of  a  patient  who  has  a  supposed 
",^-clitis  does  not  mean  that  the  condition  has  cleared  up,  but  rather 
♦  l^e  reverse,  being  a  sign  that  the  ureter  has  in  some  way  become 
t>!  *Jggecli  a«d  that  symptoms  from  retained  pus  may  be  expected 
^%-ithin  a  short  time. 

To   determine   definitely   in   doubtful    cases   whether   the   pus 
comes  from  the  bladder  or  from  the  kidney  or  ureter,  it  is  well  to 
catheterize  and  note  the  amount  of  pus  in  the  urine.      Then  wash 
out  the   bladder  with  a  solution   of  boric  acid*  continuing  the 
process  until  the  wash-water  returns  perfectly  clear.     The  patient 
should  be  again  catheterized  at  the  end  of  an  hour,  and  the  urine 
so  withdrawn  compared  with  that  first  taken   from   the  bladder. 
If  both  urines  are  of  the  same  or  nearly  the  same  cloudiness  and 
thickness,  it  is  probable  that  there  is  pyelitis  rather  than  cystitis. 
Should  the  question  arise  whether  one  or  both  kidneys  are  involved, 
the  urine  must  be  collected  as  it  flows  from  the  ureters.     This  is 
done  by  catheterization  of  the  ureters — -a  most  difficult  process  for 
one  who  has  not    had  much  practice — or  by   the    instrument  of 
/Harris,  which  appears  to  answer  even,'  purpose  and  can  be  used 
*>y  anyone  at  all   skilled  in   the  use  o\  instruments.     Anesthesia 
>viH  often  greatly  facilitate  the   process.     This   instrument  gives 
1  important   information  where  the  extirpation  of  one  kidney  is  con- 
sidered, showing,  as  it  does,   the  condition  of  each   kidney.     It 
s  happened  that  the  surgeon  has  removed  the  only  kidney  that 
*lie   patient  possessed;  but  it  would  seem  that  in  future  such  an 
Occident  should  not  be  allowed  to  occur.     The  urethra   and  the 
^ladder  may  be  examined   by  the  endoscope.     Especially  is  this 
■^nie  of  the  female  bladder,  where  the  larger  sized  endoscopes  make 
*t   fairly  easy  to  j^et   an  idea  of  the  condition  of  the  mucous  mem- 
l^rane  of  the  bladder  and  urethra.   Care  and  judgment  must  always 
V>e  exercised  to  make  sure  that  the  instrumentation  employed  will 
icld  results  which  shall  be  commensurate  with  the  personal  dis- 
comfort of  the  patient  and   the  local  irritation  of  the  canals. 

Chlorides  in  the  urine  are  said  to  be  markedly  diminished  in  all 
Oases  of  carcinoma  ventrical!.  Probably  this  phenomenon  does 
*iot  occur  until  later  in  the  disease  than  would  make  it  of  value  in 
diagnosis  in  early  cases  when  operation  for  cure  might  be  considered. 
^Nevertheless,  It  is  well  to  consider  the  amount  of  chlorides  as 
cronfirmatory  evidence  in  cases  of  suspected  cancer  of  the  stomach, 
remembering  that  there  may  be  marked  diminution  also  in  cases  of 
dilatation  of  the  stomach  with  hypersecretion  oi  V\\e  ^asXwi  \vacrs». 


794        SURGICAL   PATHOLOGY  AND    THERAPEUTICS. 


Urea  is  tnuch  diminished  in  certain  liver  diseases,  and  m 
them  carcinoma. 

Where  the  separate  secretion  of  the  two  ureters  has  been  s< 
it  may  prove   of  value   to  know  which   kidney  is   functionally  the 
better*  as  found  by  the  quantitative  estimation  of  the  ti: 
specimen.     It   may  be  demonstrated  by  this  means  that. 
one  kidney  shows  greater  activity  of  the  destructive  process,  tiic 
othef  in  reality  is  less  valuable   as  an  excreting  organ. 

Indican  in  normal  conditions  is  produced  in  the  large  into 
and   diseases  of  the   large   intestine   alone   are   never  associated 
with  increase  in  indican.     If  indican  is  produced  in  excesi 
normal  amount  in  the  large  intestine,  it  is  due  to  the  ad 
putrefactive  bacteria,  either  developing  in  the  intestine  nndei 
able  conditions  or  when  the  indol-producing  bacteria 
minous  putrefaction  in  certain  conditi'  gangrene  of  the  lui 

putrid  bronchitis,    etc.      The    greatest    amount  of   indican  in  ■ 
urine  is  found  in  intestinal  obstruction,  especially  if  located  in  the 
ileum.     This  may  be  a  diagnostic  hint  of  the  greatest  importance, 
since  the  amount  of  indican  in  such  a  conditio! 
would  be  in  local  or  general  peritonitis  or  in  the  stomachic 
tions  associated  with  diminished  and  absent  hydrochloric  acid  KCflV 
tion,  in  which  cases  the  amount  of  indican  -1. 

Sulphates  are  of  two  groups — preformed  and  conjugate.    Tli^. 
latter  are  markedly  increased  in  obstructive  jaundice,  :  g  t^~* 

normal  when   the  bile-passages  are  again  opened   to  the  intestine*^ 
In  cases  of  non-obstructive  jaundice   the  total  sulphates  is 
ished.     These  facts  may  prove  of  value  in  getting  all  | 
for  the  expediency  of  an  operation  in  an  obscure  case  of  jaundice.  - 

Spinal  Puncture.— Possibly  none  of  the  expedients  by  which  *     c 
accurate  diagnosis   is  sought  for   yields  such    uniformly  ; 
results  as  does  spinal  puncture.     The  amount  of  the  ftui  ►■ -^ 

first  place,  with  the  addition  of  leukocytes  and  blood-cor] 
shows  whether  one  has  to  do  with  an  inflammate  i  hemor 

rhagic  process.  — 

The  bacteria  found  in  the  cells  I,  or  developing  when  thts^s  MS 

fluid  has   been   planted   upon  blood-serum,   give  the  cause  of  thi-3*  *e 
meningitis.      Should   tuberculosis  appear   probable,   animal   injee — 
tions  have  to  be  resorted  to  in  many  cases,  in  order  to  demonstrates 
the  bacilli. 

The   presence  of  blood,   leukocytes,    or  bacteria,   as  the 
may  be,  IS  SO  constant  in  morbid  conditions,  that  v.  te  gets 

negative  observation  in  case  of  spinal  puncture  am  ^  $ 

these  elements,  it  is  of  much  greater  value  than  the  usual  negatives*  *-e 
bacterial  or  microscopical  examination.      The  latter  nsuall)  means 
simply  not  found,  but  In  spinal  puncture  it  means  that  these  diag- 
nostic elements  are  not  present.     No  case  of  t  has  betir 
reported  from  spinal  puncture,  and  in  many  ;ble2^  •* 
therapeutic  results  follow  withdrawal   of  the  fluid  ;  hence  no  oni_-»   * 
should  hesitate  to  use  spinal  puncture  wherever  it  seems  probables^  e 
that  any  information  may  be  obtained   as  to  existing  meningeal!   -*1 
conditions. 
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Feces. — The  microscopic  examination  of  the  feces  offers  but 
little  aid  to  surgical  diagnosis.  Pus  in  quantities  sufficient  to  be 
seen  with  the  naked  eye  indicates  an  active  inflammatory  process 
or  the  presence  of  an  abscess  discharging  into  the  rectum.  Small 
amounts  seen  only  on  microscopic  examination  show  but  little, 
as  any  ulceration  or  inflammatory  process  will  produce  some  pus  ; 
and  therefore,  more  than  confirming  the  opinion  that  one  has  to  do 
with  some  intestinal  or  peri-intestinal  condition  causing  ulceration, 
nothing  can  be  determined. 

The  search  for  and  finding  the  Amabacoli  in  the  feces  in  cases 
where  there  are  symptoms  of  abscess  in  or  about  the  liver  would 

»be  of  positive  value  in  diagnosis,  giving  a  definite  causal  element 
for  the  evolution  of  an  hepatic  abscess. 

The  presence  of  other  intestinal  parasites,  or  their  eggs,  in  the 
stools  in  rare  cases  may  suggest  an  explanation  of  otherwise  obscure 
symptoms. 

Search  for  the  bacilli  of  tuberculosis  in  intestinal  conditions  may 
give  positive  results  and  prove  of  great  satisfaction.  Here  it  is 
well  to  dilute  the  feces  with  water,  shake  them  vigorously,  and 
allow  them  to  stand.  The  portion  for  examination  is  taken  from 
the  layer  just  above  the  deposit  of  solid  materials  at  the  bottom 

Kof  the  jar. 
Cellular  elements,  represented  by  fragments  of  tissue  from  an 
ulcerated  surface,  do  not  establish  a  diagnosis,  as  there  is  no  • 
by  which  cancer-cells  can  be  differentiated  from  ordinary  prolifera- 
tion-cells coming  from  any  ulceration-process. 

Blood-corpuscles  are  never  found  in  the  stools,  even  when  the 
fecal  matter  is  bright  red,  unless  the  seat  of  the  lesion  is  below 
the  ileocecal  valve.  Practically  the  only  exception  to  this  is 
"where  severe  hemorrhage  occurs  accompanied  by  diarrhoea,  as  in 
typhoid  fever,  where  large  blood-clots  are  passed  so  rapidly  that 
decomposition  of  the  corpuscles  does  not  have  a  chance  to  take 

f>lace.  Where  small  amounts  of  blood  occur,  this  fact  will  help  to 
ocalize  the  lesion. 

Microscopical  Examination  of  Pieces  of  Tissne  Snspected 
of  being  of  Malignant  Growth,— The  diagnostic  and  prognostic 
■importance  of  the  examination  of  tissue  suspected  of  being  malig- 
nant is  perfectly  clear  to  all.  All  tumors  upon  the  surface  of  the 
"body  can  be  investigated  before  operation,  by  securing  a  piece  of 
the  tissue  and  submitting  it  to  a  competent  pathologist  for  exam- 
ination. 

In  many  cases  it  is  possible  to  have  a  pathologist  present  at  an 
operation,  and  to  get  from  him  exact  data  in  regard  to  the  extent 
of  involvement  of  surrounding  tissues,  especially  neighboring 
lymph-glands,  and  so  determine  the  extent  to  which  it  is  neces- 
sary to  operate.  The  presence  of  the  pathologist  is  of  great 
value  to  the  surgeon,  who  can  thus  devote  his  whole  attention  to 
the  technique  of  the  operation,  going  ahead  in  his  dissection  as 
long  as  the  pathologist  tells  him  it  is  necessary. 

In  cases  where  pieces  of  tissue  are  to  be  obtained  for  diagnosis,, 
a  number  of  considerations  must  be  com\Aie«\  \\\\.\\  Vo  twaSSte "Ows. 
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pathologist  to  make  a  satisfactory  report  on  the  question  submitted 
to  him. 

First  and  most  important  is  that  the  piece  of  tissue  taken  from 
the  suspected  growth  should  be  large  enoi  how  clear! 

cellular  structure.     Care  especially  should  be  taken,  in 
pieces  from  an  ulcerated  surface,  not  to  take  the  h\  ■iiico 

tissue  alone.     In  all  such  conditions,  both  malignant  and  benign, 
the  microscopic  appearances  are  too  nearly  alike  to  permit 
sure  differentiations.      A   thin   piece  extending  deep  the 

healthy  tissues  is  what  is  desired,  rather  than   a  broad   superfl 
portion.      In  all  cases  It  fa  necessary  to  include  in  the  specinu 
portion  of  the   normal  tissue  ;   and  this  must  be  done  evt 
involves  the  necessity  of  putting  in  a  catgut  suture  to  check  the 
immediate  hemorrhage  and  close  the  gap.    With  the  complete  1 
anaesthesia  to  be  obtained  by  the   infiltration  of  cocaine,  there  is 
almost  no  part  of  the  surface  of  the  body  that    U 
such  preliminary  examination,  ** 

In  the  case  of  hyperplastic  endometritis,  win  frcquen1 

desired  to  determine  the  character  of  the  scraping  from  the  uterine 
cavity,  it  is  necessary  to  observe  the  same  general  principles  just 
laid  down.     The  curetting  should  be  carried  deeply  enough,  so  that      ^ 
there   shall   be  some    portion   of  the   uterine  tissue  in    the   scrap*     — ^? 
ings.     These  should  be  washed  in  water  to  remove  all  the  _  ■ 

clot,   and   then   the   tissue  should   be  rolled   into  a   ball    for 
venience  in  handling  and  cutting.    If  there  is  no  doubt  that  the  r-^.  m 
tissue  will  reach  the  pathologist  within   twenty-four   hours  ami^a*  ^ 
in  good  condition,  it  is  well  to  send  the  specimen  wrapped  in  aa^. 
damp  cloth  or  piece  of  gauze,  and  this 

silk  or  waxed  paper.     In  cases  where  the  specimen  :>econiea»  me 

dried  or  not  reach  the  laboratory*  till  a;  ,  ac^.    j 

small  bottle  should  be  filled  with  alcohol  (about  95  per  cent. \.  an,r-»  J 
a  small  bit  of  absorbent  cotton  placed  in  the  bottom  of  the  hot 
and    into  this  alcohol  the  rolled-up  mass  of   scrapings  sru 
dropped.    There  should  be  a  label  upon  the  bottle,  giving  tl 
the  address,  and,  not  less  important,  the  portion  of  the  bo 
which  the  specimen  has  been  taken.      Nothing  is  more  ^  jg 

to  a  pathologist  than  to  be  asked  to  examine  somethi  -  mo 

hint  as  to  what  is  wanted.  In  many  cases  he  can  tell  what  u  mr  is 
exacted  ;  but  this  is  from  long  experience ;  and  time  will  \m  msx 
saved  if  it  is  plainly  stated  whence  the  specimen  was  obtained  anc»  *<3 
what  is  suggested  by  the  clinical  conditions.  The  same  is  tru^^cv 
of  material  sent  for  bacterial  examination,  Always  state  wher^* — are 
the  material  conies  from,  and  what  forms  of  bacter 
want  it  examined  for,  as  the  methods  of  examination  differ  greatly" 
for  different  organisms. 

Should,  for  any  reason,  it  be  necessary  to  keep  the  speciim !§■ 
for  several  days  before  getting  it  to  a   pathol-  1  t»»-  v 

change  the  alcohol  each  day  ;  do  not  be  afraid  to  use  a  good  dcsmwmJ 
of  alcohol. 

Rontgen  Rays  in  Surgery.— The  application  of  skiagraphy  t 
surgery  \s  necessatWy  \Ytt\\\s^  axA  \ws&\.  tssBttua  so^  because  we  aanp 
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dealing  with  that  which  casts  a  shadow  according  to  the  density 
of  the  part  or  object  and  the  imperviousness  of  the  same  to  the 
A- ray.  By  means  of  skiagraphy  we  can  determine  with  almost 
absolute  accuracy  the  presence  of  foreign  bodies  in  any  part  of  the 
body,  provided,  of  course,  that  the  foreign  body  be  opaque  to  the 
A-ray.  In  order  to  do  this  accurately,  it  is  necessary  to  take  at 
least  two  plates  at  different  angles,  as  one  plate  alone  may  be  very 
misleading.  The  surgeon  may  thus  be  guided  as  to  what  opera- 
tion  is  best  or  whether  operation  is  advisable.  It  is  not  always 
necessary  to  take  skiagraphs  of  foreign  bodies,  as  their  presence  or 


Fig.  133. —Fracture  of  the  neck  of  the  femur. 


absence  can  oftentimes  be  demonstrated  with  the  fluoroscopy 
when  by  marking  on  the  skin  the  exact  location  can  be  found. 
Some  of  the  more  difficult  objects  to  locate  are  glass  splinters, 
rubber  drain  age- tubes,  and  aluminum  splinters.  The  value  of 
skiagraphs-  in  determining  the  presence  of  foreign  bodies  in  the 
eye  is  very  great,  and  special  apparatus  and  technique  have  reached 
such  perfection  that  it  can  be  done  with  great  accuracy. 

The  next  important  branch  of  surgery  to  which  skiagraphy  is 
applied  is  that  of  fractures.  To  have  at  hand  the  means  by  which 
an  accurate  diagnosis  can  be  made  in  doubtful  cases  ox  lutasfts* 
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diagnosis  can  be  made  by  this  means  as  to  the  presence  or  absence 
of  calculi,  no  matter  what  the  composition  of  the  stone  may  be. 
This  lacks  confirmation,  and  certainly  seems  very  doubtful.  If 
true,  it  shows  a  wonderful  advancement  in  technique  as  well  as  in 
apparatus,  and  certainly  will  be  of  vast  value.  Renal  calculi  have 
been  located  by  skiagraphy  and  removed  by  operation  ;  but  so  far 
only  those  composed  of  oxalate  or  phosphate  of  lime  (see  Fig.  135). 


Flij.  135. — I,  drainage-tube;    2,  3,  4,  5,  renal  calculi  composed  of  oxalate  of  lime  (case  of 

"A    T,  <-"alK.i). 

Uric-acid  calculi  cast  so  slight  a  shadow — barely  more  than  that  of 
the  surrounding  tissue— that  it  seems  impossible  to  locate  stones  of 
this  type  by  means  of  the  A'-ray.  Organic  matter  casts  so  slight  a 
shadow  that  it  is  very  doubtful  as  to  the  possibility  of  demonstrat- 
ing the  presence  of  either  uric-acid  calculi  or  gall-stones. 

The  disadvantages  of  the  A- ray  in  its  application  to  foreign 
bodies  are  practically  «/7,  but  in  regard  to  fractures  there  are 
many.  We  must  bear  in  mind  that  a  skiagraph  is  a  shadow- 
picture,  and  that  necessarily  in  some  parts  of  the  bod}1  a  skiagraph 
will  always  show  more  or  less  distortion.  There  is  some  distortion 
under  the  best  conditions,  and  it  is  a  simple  matter  to  exaggerate 
any  deformity  or  displacement  that  may  exist.  This  is  of  consid- 
erable importance,  as  already  the  skiagraph  has  been  accepted  as 
evidence  in  court.  If  the  skiagraph  is  to  be  admitted  as  evidence, 
positive  proof  should  be  furnished  that  certain  conditions  giving 
correct  results  have  been  complied  with.  Even  then  the  advisa- 
bility of  such  evidence  is  questionable,  for  in  many  cases  complete 
reduction  of  a  fracture  is  impossible,  and  in  many  such  cases  t1 
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kiagraph  is  somewhat  startling  to  the  layman's  eye,  yet  function- 

\\y  the  results  ma)-  he  almost  per! 

The  manipulations  of  the  surgeon (inay  occasionally  reveal  what 

Jhe  skiagraph  fails  to  do.     In  such  cases  a  fracture  may  sometimes 

demonstrated  by  the  skiagraph  if  the  surgeon  use  some  force  to 

[separate  or  rotate  the  fragments.     Skiagraphy  must,  therefore,  not 

[be  considered  an  absolute  method  of  diagnosis  in   fracture,  but 

simply  an  aid  in  this  branch   of  surgery, 

The  so-called  A'-ray  dermatitis  is  produced  by  long  exposure  at 
short  range.  This  complication  does  not  occur  when  the  apparatus 
is  placed  at  a  distance  of  twelve  to  thirteen  inches  from  the  surface 
of  the  body.  In  4500  cases  of  exposure  at  the  Massachusetts 
General  Hospital,  ranging  from  oue  minute  to  two  hours,  no 
dermatitis  occurred.  During  the  period  covered  by  these  ofase 
tions  eight  eases  of  dermatitis  have  been  obs<  11  of  which 

were  caused  by  near  exposure.     The  peculiar  form  of  appai 
employed  did   not  seem  to  be  a  factor  in   the  production 
inflammation,  as  in  no  two  cases  was  the  same  form  emplo 


II.  SURGICAL   BACTERIOLOGY   OF  THE   SKIN. 


The  surface  of  the  human  body  is  the  natural  habitat  of  mair 
different  forms  of  bacteria.     The  essential  conditions  for  bacteria^] 
growth — warmth,  moisture,  and  nutrient  material — are  all  prcsenCr 
and  in  spite  of  a  certain  amount  of  germicidal  power  which  hzt^' 
been  found  in  certain  cases  to  be  present  in  the  skin  (Bina^1 
abundant  culture-growths  can  be  obtained  from  the  skin  01 
individual.     Some  parts  of  the  body,  as  the  axillae  and  the  sub. 
ungual  spaces,  afford  more  favoring  conditions  for  growth  than 
other  more  exposed  parts,  and  there  seems  to  be  also  a  var 
a  certain  degree  between  one  individual  and  another.     The  con- 
stant presence  of  bacteria,  however,  upon  the  surface  of  the  human 
body  has  led  to  much  study  in  connection  with  wound- treatment 
and  aseptic  surgery. 

The  pathogenic  bacteria  most  commonly  found  upon  tin 
face  of  the  body  are  as  follows :   Staphylococcus  pyogenes  aureus. 
albus,    and   citreus  (Passet) ;    Staphylococcus   epidermidis    albus 
(Welch),  Staphylococcus  viridis  flavescens  (Babes),  Staphyloci* 
cereus  albus  (Tavel),  Staphylococcus  cereus  flavus  (Passet  •, 
lococcus   gilvus   (Robb),    Micrococcus   tetragenus,   Streptocoe 
Bacillus  pyoeyaneus  (Gottstein),  Bacillus  proteus  (Binaghi 
Ius  coli  communis  (Binaghi).     In  addition  to  these  fo  nost 

any  of  the  other  bacteria  which  are  pathogenic  to  man  mar  be 
found  under  certain  conditions,  although  so  rarely  as  safely  to  be 
disregarded  in  connection  with  wound-infection. 

The  bacterium  most  commonly  met  with  in  skin  bacteriology 
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is  without  doubt  the  Staphylococcus  albus ;  and  a  form  of  this 
organism  has  been  described  by  Welch  as  being  a  constant  m habi- 
tant of  the  follicles  and  the  deeper  layers  of  epithelial  cells  of  the 
human  skin.  That  this  organism  differs  essentially  from  the 
Staphylococcus  pyogenes  albus  is  not  definitely  decided  ;  but  the 
probability  exists  that  the  form  described  by  Welch  is  rather  an 
attenuated  form,  and  that  under  such  favoring  conditions  as  are 
afforded  by  the  presence  of  drainage-tubes  or  necrotic  tissue  in  a 
wound,  the  pus- prod uciug  function  may  be  acquired. 

The  Pyogenes  aureus  and  the  streptococci  also  vary  in  viru- 
lence, although  not  reaching  such  a  degree  of  attenuation  as  the 
albus.  As  a  rule,  they  always  produce  pus.  Many  instances  are 
cited,  however,  where,  although  aureus  was  present  in  wound-secre- 
tioti  or  upon  stitches,  healing  proceeded  uninterruptedly  by  first 
intention, 

The  Bacillus  pyocyaneus  is  another  germ  which  appears  frc- 
jueritly  in  septic  wounds,  giving  the  characteristic  blue  or  green 
color  to  the  pus  ;  and  it  is  interesting  to  note  that  this  is  one  of 
several  bacteria  which  especially  endure  drying  and  can  be  trans- 
ported for  long  distances  in  currents  of  air  (Neissen. 

The  characteristic  peculiarities  of  these  several  forms  of  bac- 
teria will  be  found  elsewhere  (under  the  section  on  Surgical  Bac- 
teria), and  no  further  discussion  of  them  is  necessary  in  this  con- 
nection. 

The  constant  endeavor  in  surgery  has  been  to  obtain  perfect 
wound-healing.  The  greatest  contribution  to  this  end  was  un- 
doubtedly the  work  of  Lister,  and  his  use  of  carbolic  acid  marked 
the  beginning  of  modern  surgery.  Since  that  time,  however,  one 
germ  after  another  has  been  found  to  be  capable  of  setting  up  sup- 
puration in  a  wound,  and  we  have  come  to  look  upon  perfect 
wound-healing  as  demanding  absolute  asepsis — the  total  absence 
of  bacteria.  Healing  by  first  intention,  however,  does  not  in  the 
least  imply  a  total  absence  of  bacteria  :  it  implies  rather  that  there 
is  present  in  the  wound  only  such  a  quantity  of  bacteria  as  can  be 
overcome  by  the  natural  germicidal  power  of  the  tissues  and  the 
wound-secretions.  This  germicidal  action  of  fresh  wounds  is 
found  to  be  most  powerful  in  the  first  twenty-four  to  forty-eight 
hours,  and  it  is  found  to  differ  in  individuals,  and  probably  in  the 
same  individual  at  different  times  (Schloffer).  Furthermore,  the 
conditions  which  favor  bacterial  growth,  such  as  necrotic  tissue, 
14 dead"  spaces,  and  foreign  bodies,  as  pointed  out  by  Welch,  vary 
in  different  wounds ;  and  it  is  readily  understood  that  with  so 
many  varying  conditions  the  desired  first  intention  may  fail  in  any 
given  case  and  the  reason  be  difficult  to  find.  The  surgeon,  how- 
ever, who  realizes  the  dangers  of  all  these  conditions,  and  so  acts 
in  any  given  case  as  to  avoid  as  many  as  possible  of  the  conditions 
favoring  wound-infection,  will  obtain  the  best  results. 

Avoidance  of  Wound-infection.— Absolute  and  continuous 
sterility  of  the  field  of  operation,  both  superficially  and  in  the 
deeper  layers  of  the  epidermis,  seems  with  our  present  methods  to 
be  unattainable.      The   number  of   germs,  \\ovfe\et,  *»&  *3o«« 
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vitality  can  be  markedly  diminished  by  several  procedure 
mechanical  and  chemical. 

Mechanical. — \a)   Scrubbing  with  a  clean  brush  and 
water.     This  removes  gross  macroscopic  dirt;    masse 
which  germs  are  imbedded  and  protected  from  the  autisepti> 
tions  we  wish  to  use  later;    the  actual  germicidal  power  of  Map 
solutions  is  too  weak  to  be  worthy  of  attention, 

(Y/j  Shaving. — Removing  the  hair  and  also  the  outer  scaloof 
the  epidermal  layer. 

Ck  — {a)  Cleansing* — Here  again  soap  and  water  imi&tk 

usidered,  by  reason  of  the  solvent  action  on  fats  ;   this  ad 
however,  being  inferior  to  that  of  alcohol  or  turpenth; 
combines,  with   the  cleansing  action,  a  certain  antiseptic  pot 
also,  a: id  seems  to  prepare   the  r  the  better  action  latt: 

the  antiseptic  solution.      It  mixes  readily  with  water,  and 
is  to  be  preferred  to  ether.     Turpentine  is  irrita 

lcohol.     Alcohol  is  best  used  in  So  to  90  per  a  icent 

tion. 

(/')  Disinfection. — The  number  of  drugs  which  have  been 
to  have  a  germicidal  action  upon  bacteria  are  so  numerou- 
detailed  account  of  the  value  of  each  is  beyond  the  scope  of  t 
section.      In  a  general   way,  however,   the  drugs  used  in  surge; 
fall  into  one  or  another  of  the  following  class 

1.  Mercurials  \  bichloride,  iodide,  oxycyanate. 

2.  Carbolic  acid  group  :  carbolic  acid,  sulpho-naphthol,  1 

3.  Gases:  chlorine,  fonnaldeln 

4.  Silver  and  its  salts  ;  lactate,  citrate,  nitv 

5.  Other  drugs :   permanganate  of  potassium,  oxalic  acid,  pes 
oxide  of  hydrogen,  iodoform,  boric  acid,  etc. 

Corrosive  sublimate,  or  bichloride  of  niercurv.  is  the   ii-:i*epa^ 
agent  most  frequently  used  in  surgery,  and  may  b< 

pe  of  the  mercurial  antiseptic.      It  is  effective  in  killin 
when  it  can  be  brought  into  close  contact  with  them  in  a  • 
of  1  :  20,000.      In  actual   practice,  however,  much  greater  cone 
tration  is  necessary,  as  the  bacteria  lie  imbedded  in  fat  and  d 
are  not  readily  accessible  to  the  germicide  on   th<  of  t  ifp 

body.      When  used  in  wounds  corrosive  sublimate  has  two 
vantages — first,  that  tin  tissues  enter  into  chemical  cona- 

tion with  the  mercury  and  form  an  insoluble  and  inert  albuminate; 
and  secondly,  as  shown  by  Halsted,  that  the  use  of  even  very  we.it 
solutions  produces  a  necrosis  uf  the  superficial  layers  of  the  til 
with  which  they  come  in  contact.    The  fir- 
may  be  overcome  by  the  addition  of  common  salt  oi 
chloride  to  the  solution,   whereby  the  albuminate  is  less  1 
precipitated;  but  for  the  necrosis  there  is  no  help. 

Carbolic  acid  is  the  original  antiseptic  introdn  r.   Il 

germicidal  in  a  strength  of  r  :  100.     Its  chief  advantagi 
ability  to  penetrate  greasy  substances,  and  its  chief  di* 
its   irritative   properties,    both    local   and    remote.      It 
absorbed,  and  produces  toxic  symptoms,   chiefly  in  the  ki 
To  this  group  V>e\ow^  \vsol,  ktesol,  and  sulph.'-naphtol,  both  if* 


potent  and  less  irritating  than  carbolic  acid.  Lysol  is  used  by 
.Mikulicz  in  i  per  cent,  solution.  Sulpho-naphtol  may  be  used  in 
2  per  cent,  solution. 

The  gases,  formaldehyde  and  chlorine,  have  been  used  only 
recently  for  disinfection  of  Mounds,  although  long  known  to  be 
powerful  disinfectants.  They  are  very  effective  germicides,  but 
unpleasant  and  undesirable  on  account  of  their  irritating  fumes. 
Formaldehyde  is  now  used  as  formalin  (a  40  per  cent,  solution  of 
the  gas  in  water).  Formalin,  1  part  to  100  of  water,  is  used  on  the 
surface  of  the  body,  and  gives  a  sterile  operation-field  in  80  to  90 
per  cent,  of  the  cases.  This  is  as  much  as  can  be  claimed  for  any 
method  of  skin-sterilization.  Applications  of  this  strength  must 
not  be  allowed  to  remain  over  twenty-four  to  thirty-six  hours  in 
rontact  with  the  skin,  as  a  hardening  of  the  skin  will  follow,  and 
lelayed  union  or  even  necrosis  result.  Weaker  solutions  arc  used 
"or  irrigation  and  dressings,  but  cause  considerable  pain.  Glutol 
formalin-gelatin)  is  also  used  for  dressings,  and  has  marked  aud- 
io properties.  Nascent  chloriue  is  used,  as  suggested  by  Weir, 
n  preparation  of  the  skin  of  the  patient  and  of  the  surgeon's 
lands.  A  tablespoonful  of  chlorinate  1  lime  and  the  same  amount 
>f  washing-soda  are  placed  in  the  palm  of  one  hand,  and  enough 
iterilt-  water  added  to  form  a  creamy  paste  ;  this  paste  is  rubbed 
nto  the  skin  for  about  five  minutes  and  is  then  washed  off  with 
.terile  water.     A  large  percentage  of  sterile  results  is  claimed  for 

lis  method,  but  the  fumes  of  the  nascent  chlorine  are  very  irritat- 
aiul  decidedly  disagreeable. 
The  salts  of  silver  are  used  to  a  much  greater  extent  as  anti- 

?ptics  abroad  than  in  America.  The  expense  and  the  need  of 
reslily  prepared  solutions  at  frequent  intervals  have  worked  against 
/heir  adoption  in  this  country.  The  citrate  (itrol)  and  the  lactate 
actal)  are  effective  germicides  in  1:1000  solution,  and  are  to  be 
preferred  to  argon  in  and  argentamin  (Bin  m  berg)  and  to  the  com- 

Con  silver  nitrate. 
Permanganate  of  potassium  and  oxalic  acid  used  in  sequence,  as 
commended  by  Schatz,  and  later  by  Kelly,  are  effective  in  satur- 
ated solution,  but  are  very  irritating.  The  use  of  peroxide  of 
lydrogen  to  complete  the  oxalic  decolorization  diminishes  the 
innoyauce  to  a  certain  extent  without  loss  of  effect,  but  the  irrita- 
ion  caused  to  the  surgeon's  hands  by  this  method,  when  used  as 
Yeely  as  a  busy  hospital-service  demands,  is  a  serious  disadvantage. 
Salicylic  and  boric  acids,  sty  roue,  iodoform,  and  other  drugs 
iave  a  certain  amount  of  antiseptic  power,  but  cannot  be  relied 
ipon  to  kill  the  bacteria  in  any  concentration  which  it  is  possible 
O   U  They  rather  retard  the  growth  of  bacteria,   and  are  of 

tine  in  wound-treatment  than  in  obtaining  sterile  surfaces. 
Phis  retarding  of  the  growth  of  bacteria  has  been  studied  by 
Velch,  who  finds  that  even  corrosive  sublimate  may  have  only  a 
emporary  germicidal  action,  and  that  a  certain  number  of  the 
jerms  may  be  resuscitated,  as  it  were,  by  the  application  of  chemi- 
like  ammonium  sulphide,  which  precipitate  the  mercury  and 
low   the  bacteria  to  come  to  life  again,     TYivs  s\v:;«este»  ^  x^vwrei. 
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of  the  mercurial  salt  with  the  germ-envelope,  or  some  suci 
chemical  reaction,  which  inhibits  growth  so  long  as  the  combhn* 
tion  exists,  but  does  not  totally  destroy  the  living  or 

Absolute  asepsis  in  surgery  is  a  goal  toward  which 
must  strive,  but  which  few  can  attain,      This  is  not  fa 
when  we  consider  the  number  of  factors  which  enter  into  the  ques- 
tion.     P"irst,  the  skin  in  which  the  wound  is  to  be  made  coi 
countless  germs,  many  of  which  if  inoculated  in  sufficient  qu 
may  produce  suppuration.     Secondly,  the  hands  of  the  surj,-. 
of  necessity  subject  to  repeated  contaminations  and  are  ex; 
difficult   to   render   absolutely   sterile.       Thirdly,    the  air  of  tbe 
operating-room  is  a  source  of  infection  which   cannot  with  perfect 
safety  be  disregarded.     Inanimate  objects,  which  can  be  subjected 
to  dry  heat  or  steam,  or  which  are  not  injured  by  the  ap] 
of  concentrated  solutions  of  certain  germicidal  power,  cat 
absolutely  free  from  living  bacteria,  and  all  that  then  re: 
is  to  keep  them  sterile.      Instruments  can  be  boiled,  silk  ami 
can  be  steamed;  but  the  Living  tissues  of  the  patient  and  tin 
of  the  surgeon  can  obviously  be  treated  with  neither  steam  m 
heat.     Even  the  stronger  and  more  certain  germicides  are  tisele* 
for  this  purpose,  because  of  their  caustic  and  irritating effeci 
all  living  tissues;  and  the  sterilization  of  the  patient's  skin  and  the 
surgeon's  hands  is  thus  the  greatest  problem  at  the  present  time  io 
surgical  technique. 

We  have  seen,  however,  that  absolute  asepsis  is  not  needed  for 
the  best  results  in  surgery.     Primary  union  can  be  obta. 
certain  dumber  of  bacteria  in  the  wound;  and  the  surgeui 
therefore  rely  upon  the  patient's  tissues  to  dispose  of  the  fev. 
which,  in  spite  of  his   best   efforts,   will    occasional lv   reach  the 
wound    during   the   operation.      The   methods  adopted 
whose  statistics  show  the  best  results  must,  therefore,  be  t  ' 
the  standard  of  surgical    procedure,   and  for  this    reason   a  short 
resume"  of  several  methods  of  technique  may  here  be  given  : 

Operation-field. — i.  Alcohol  and  Corrosive  Method 
(6)  Scrub  with  potash  soap  and  soft  hot  water  for  five  minttti 
Alcohol,  90  per  cent. ;  scrub  for  three  minutes  ;  (//)  CofTOfih 
limate,  1:  rooo,  for  eight  minutes. 

2.  Nascent  Chlorine  Method. — (ar)  Sh  soap 
and  water  for  five  minutes;  (c)  Washing-soda,  l.  ounce;  chlorinated 
lime,  XA  ounce,  mixed  and  diluted  to  a  creamy  consistency  with 
water,  and  rubbed  into  the  skin  for  three  minui     . 

sterile  water. 

3.  Permanganate    and   Oxalic  Method.— (ff)  Shave; 

with  soap  and  water  for  five  minutes,  rinse  off:  ic\  Saturated  solo* 
tion  of  permanganate  of  potassium  for  two  minutes:   ir/i  H 
rated  solution  of  oxalic  acid  till  stain  is  neatly  gon< 
of  hydrogen  to  complete  decolorization  ;   \f)  Corrosive  sublimate, 
1  ;  1000,  for  two  minutes. 

These  three  standard  methods  may  be  modified  in  a 
and  to  suit  the  taste  of  the  surgeon  or  the  peculiarities  of  tf 
vidual  case.     K.  ^u\\.w.e  qI  ^gtwa,  «aw^  (oue  teasooonful  to  the  pint 
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of  water)  may  be  applied  after  shaving  the  part,  and  be  allowed  to 
remain  for  from  four  to  twelve  hours  before  the  antiseptic  solutions 
are  applied,  A  minimum  number  of  bacteria,  however,  may  be 
expected  to  survive  in  the  deeper  skin-layers  in  a  certain  percent- 
age of  cases  after  every  one  of  these  preparations. 

4.  Formalin. — (tj)  Shave  ;  (b)  Scrub  with  soap  and  water  for 
five  minutes;  rinse  off;  (c)  1  per  cent,  formalin  solution,  by  poul- 
tice, for  twelve  to  thirty-six  hours  (frequently  changed)  ;  (</)  Alco- 
hol, 90  per  cent.,  for  one  minute  j  (e)  Corrosive  sublimate,  1  :  iooor 
for  two  minutes. 

By  this  method  the  formaldehyde-gas  penetrates  the  follicles 
and  deeper  layers  of  the  skin,  aud,  as  reported  by  Landerer,  gives 
a  sterile  operation-field  iu  80  to  90  per  cent,  of  cases,  or  primary 
union  in  100  per  cent,  (Brewer).  Care  must  be  taken  that  the 
formalin  solution  be  not  in  contact  with  the  skin  for  more  than 
twenty-four  to  thirty-six  hours,  as  a  hardening  of  the  tissues  and 
delayed  union  may  result. 

Surgeon's  Hands. — Any  of  the  above  methods  of  skin-disinfec- 
tion, except  formalin,  may  be  used  for  the  sterilization  of  the  sur- 
geon's hands,  and  large  numbers  of  culture-tests  are  reported  to 
prove  the  efficacy  of  each  method.  As  a  fact,  however,  surgeons 
nave  felt  so  little  confidence  that  absolute  safety  could  be  obtained 
by  these  methods  in  every  case,  that  various  methods  for  covering 
the  hands  have  been  advocated,  and  the  operating-glove  has  obtained 
a  place  in  the  surgeon's  list  of  apparatus. 

Halsted  introduced  rubber  gloves  in  1889,  first  for  his  assist- 
ants, and  later  for  himself.  The  rubber  glove  is  impervious  until 
torn  or  punctured,  and  can  be  boiled  and  sterilized  to  a  certainty. 
For  such  operations  as  do  not  require  the  utmost  delicacy  of 
manipulation,  the  rubber  glove  gives  admirable  security  against 

t infection  from  the  surgeon's  hands. 
Mikulicz  sought  to  obviate  the  annoyance  of  the  rubber  glove 
by  substituting  common  ivhite-cotton  glores,  which  were  sterilized 
by  steam;  and  this  procedure  has  been  widely  adopted.  When  wet 
with  blood,  cotton  gloves  are  readily  pervious  to  bacteria,  how- 
ever; so  that,  to  be  other  than  a  source  of  danger,  they  must  be  fre- 
quently changed  during  the  operation,  and  the  hands  prepared  as 
carefully  as  when  operating  without  gloves.  Paraffined  gloves  and 
leather  gloves  have  been  used;  but  they  offer  no  especial  advan- 
tages over  rubber  and  cotton  gloves.  Doderlein  found  that  the 
hand  remained  sterile  inside  the  rubber  glove;  and  argues  from 
this  that  the  germs  found  so  uniformly  on  the  operator's  hand  at 
the  close  of  the  operation  come  rather  from  the  ail  and  the  imper- 
fectly sterilized  skin  of  the  patient  than  from  the  sweat-glands  of 
the  operator's  hands.  Whatever  the  source  of  the  infection,  it 
seems  certain  that  the  glove  is  a  powerful  agent  in  securing  union 
by  first  intention  and  in  protecting  the  hand  of  the  operator  from 
infection,  and,  as  such,  is  a  valuable  addition  to  surgical  tech- 
nique. 

Infection  of  wounds  from  the  air  was  thought  hv  Lister  to  be 
frequent  occurrence;  and  it  was  to  prevent  v\\vs  \\\tec\\crcv  >\\aN. 
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the   carbolic   spray   was   designed.     Later,   however,   when  more 
emphasis  was  laid  upon  the  bands  and  patient's  skin,  as  carriers 
of  infecting  germs,  less  weight  was  put  upon  air-infection 
only  comparatively  recently,  from   the  investigations  of  F] 
Neisser,  and  others,  that  we  have  been  taught  that  the  air  itself,  and 
the  fine  droplets  of  moisture  which  are  present  in  the  surrounding 
air  when  laughing,  talking,  or  sneezing  occur,  may  carry  a 
erable  number  of  pus-producing  organisms  and  deposit 
the  wound.     Mikulicz  and  others  wear  masks  of  6ne  gauzi 
operating,   to   avoid   this   manner  of   infection.     The  01 
itself  so  irksome  an  appliance  that  we  may  feel  at  liber t 
gard   this  additional  precaution  in   the  greater  number  of  cas«, 
while    improving   our    technique    in    other   directions  ;    pr 
always  that  the  surgeon  recognizes  the  danger  of  talking  or 
iug,  and  avoids  them  as  much  as  possible. 

Gauze  aud  linen  for  sponges^  dressings^  gownsy  tmttehy  etc 
be  sterilized  by  steam   under  pressure  or  in  the  Arnold  ster; 
best  of  all,  perhaps,  by  the  fractional  method  of  half  an  hour  on 
three  successive  days.      By  this  method  the  spores  which  are  not 
killed  at  the  first  heating  grow  into  adult  forms   in    the  in! 
and    are   killed    at    the   second    and    third    sterilizations.     Copper 
canisters,   or  even  cotton-cloth  wrappers,  will  protect  for  a 
four  weeks  dressings  sterilized   in   this  way. 

Instruments  may  be  sterilized  by  boiling  ten  minutes  in  water 
to  which  have  been  added  a  few  teaspoonfuls  of  sodium  carbonate, 
or  by  exposing  to  formaldehyde-vapor  from  ten  to  fifteen  mil 
The  latter  method  is  recommended  for  fine  instrunn  HI  Opt 

thalmology,  because  it  does  not  injure  the  cutting-edge 
simplicity,  boiling  is  much  to  be  preferred,  and  little  injury  to  the 
instruments  will  result  if  the  addition  of  the  soda  be  rigidly  ad- 
hered to.      In  addition  to  protecting  the  instruments  from  rust,  the 
soda  increases  the  efficacy  of  the  sterilization,  as  shows 
melbusch,  by  its  solvent  action  upon  the  gross  dirt  and  t! 
tective  envelopes  of  the  germs. 

Sutures  and  ligatures  have  probably  caused  as  much  r! 
in  surgery  as  any  other  factors  entering  into  wound-treatinc; 
undoubtedly  more  unjust  accusations  nave  been  brought  a| 
them,  whether  silk   or  catgut,  than   tin  .>.      Aj 

ligature-material  can  be  rendered  aseptic  before  il  B  pi  i 
wound  ;  and  where  the  material  is  thought  to  have  been 
from  failure  of  primary  union,  in  man] 

sought  rather  in  an  infection  of  the  material  by  the  surgeon  ot 
by  the  patient's  skin  at  the  time  of  operation.     In  this  connec- 
tion, catgut  is  far  more  liable  to  produce  trouble  than  silk,  I 
of  the  fact  that  catgut  is  in  itself  a  favorable  medium  '■ 
growth  of  bacteria,  while  silk  is  not,      Add  to  this  the  I 
catgut  strand   needs  to  be  two  <>r  three  times  as  gr< 
as  a  silk  one  of   the   same   strength,    and   it   is 
larger   foreign   body  is  the   one   more   liable   to 
With  absolutely  sterile  hands  and  operation-field,  catgut 
liable  to  produce  &vyp\a\to&qk\,  ^s  s\ml.\  ^v^ax  toon  \yt  sterilized  by 
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any  one  of  several  methods,  that  by  boiling  in  eumol,  as  modified 
by  Clark  and  Miller  of  Baltimore,  being  perhaps  the  best' 

Silk  and  silkworm-gait  can,  of  course,  be  boiled  or  steamed,  and 
are  therefore  to  be  relied  upon. 

A  recent  modification  of  suture-material  has  been  introduced 
abroad,  and  is  perhaps  a  return  to  earlier  principles  in  that  the 
antiseptic  rather  than  the  aseptic  suture  is  coming  to  the  front 
again.  This  is  due  to  the  general  realization  of  the  fact  that  the 
deep  layers  of  the  epidermis  cannot  be  rendered  aseptic  in  every 
case  with  any  one  of  our  present  methods  of  preparation,  and  to 
the  desire  on  the  surgeon's  part  to  prevent  the  growth  of  those 
germs  which  he  is  at  present  unable  to  kill.  For  this  purpose 
iodoform,  alcoholic  and  silver  preparations  of  silk  have  been  de- 
vised ;  but,  owing  to  the  retarding  action  of  all  antiseptics  upon 
cell-growth  and  wound-healing,  there  is  much  to  be  said  in  opposi- 
tion to  them  as  well  as  in  their  favor. 

Catgut  is  to  be  preferred  to  silk  where  suppuration  is  inevitable. 

Silkwomi-gut  is  the  best  material  for  skin-sutures,  its  greatest 
advantage  being  due  to  the  fact  that  it  is  non-absorbent  and  readily 
sterilized.  The  manner  of  sterilization  is  unimportant,  as  any  one 
of  the  recognized  methods  will  give  sterile  results  if  properly 
carried  out. 

L  Absolute  asepsis,  then,  is  an  ideal;  and,  however  much  desired, 
iniot  be  obtained  in  every  wound  with  our  present  methods  of 
procedure.      Fortunately,    however,    this   absolute   degree    is   not 
essential  for  perfect  wound-healing,  and  many  series  of  cases  are 
iow  reported  in  which  healing  by  first  intention  occurred  in   100 
r  cent,  of  the  cases. 

The  greatest  obstacles  to  continuous  asepsis  are  the  skin  of 
the  patient  and  that  of  the  surgeon's  hands.  The  procedures, 
however,  described  above  have  already  succeeded,  in  the  hands 
of  certain  surgeons,  in  producing  perfect  results  ;  and  a  pains- 
taking adjustment  of  these  precautions  in  every  individual  cast- 
should  never  fail  to  reduce  the  number  of  bacteria  to  a  quan- 
tity so  small  as  to  be  easily  conquered  by  the  natural  resistance  of 
the  patient. 

TREATMENT  OF  WOUNDS. 

The  end  and  aim  of  all  wound-treatment  are  to  obtain  perfect 
healing — a  rapid  union  of  the  surfaces  in  apposition  with  as  little 

1  The   Krflnig-  method  of  catgut  sterilization,  as  modified  by  Clark   and  Miller  of  JohlU 
oplcina  University,  i-  as  fblV 

i  I  1m  gol  ia  '  1  i  mi  suitable  lengths,  and  several  pieces  are  wound  into  figure-of-eight 
hape.of  a  size  to  fit  into  an  ordinary  test-tube 

j.  These  pieces  are  placed  on  cotton  Ln  a  jar  rind  gradually  raised  to  8o°  C„  at  which 
temperature  they  rem  1 in   Ibi    one   hour,  to  drive  "if  all   water. 

3.  The  catgut  is  then  placed  in  cumol  al  loo*  C,  hi  a  vessel  surrounded  by  a  sand- 
bath,  care  heing  taken  that  the  catgut  docs  not  (ouch  the  sides  or  bottom,  hut  rests  U|«on  wire 
gauze  or  cotton.     The  temperature  is  then  gradually  raised  to   165s  C,  and  kepi 

bom 

4_  The  cumol  is  poured  olt,  and  the  heat  of  the  sand-bath  allowed  1«>  dry  the  c 
5.  The  dried  catgut  is  picked   up  with  sterile  forceps  and    placed    in  ti 
heen  previously  piagged  with  cotton  and  sterilized,  and  m  \.V\s  v*a^  "\*  Vt^ft.  ■*«•»& 
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systemic  disturbance  as  possible.     The  measures  at  our  command 
are  practically  those  which  have  been  discussed  in  the  section 
Skin  Bacteriology,  and  their  application  alone  requires  modifier 
to  suit  the  individual  case. 

In  a  wound  of  any  sort,  whether  made  by  the  surgeou's  knife, 
under  practically   aseptic  conditions,  or  by   an   accidental  injury; 
under  conditions  not  at  all  aseptic,  certain  principles  of  t  realm-. 
if  faithfully  carried  out,  will  be  found  to  contribute  much  toward  a 
union  bv  first  intention. 

■- 

i.  The  wound  must  be  made  clean  of  foreign  matter,  both 
gross  dirt  and  microscopic  germs. 

2.  Necrotic  or  strangulated  tissues,  of  uncertain  vitality,  must 
be  removed. 

3.  The  wound  must  be  dry,  and  hemorrhage  must  be  effectu- 
ally controlled. 

4.  Where  copious  oozing  is  inevitable,  or  where  doubt  exi 

to  the  cleanliness  of  the  wound,  provision  must  be  made  for  the 
escape  of  fluids. 

5.  The  cut  surfaces  must  be  brought  together  under  as 
tension  and  with  as  few  stitches  as  possible. 

6.  A  proper  covering   must   be  provided   to  absorb  disclv 
and  protect  the  wound  from  contamination. 

7.  The  wound  must  be  placed  and  kept  in  a  position  such  that 
tension  is  relieved  and  motion  restricted  as  much  as  p. 

These  principles  of  wonnd-treatment  may  be  observed  in  v. 
different  methods  and  with  many  different  agents,  according  to  the 
resources  and  taste  of  the  surgeon  and  the  needs  of  tl 
case;  but  the  principles  remain  the  same,  and  are  not  with  s.: 
to  be  disregarded. 

Cleanliness. — Wounds  made  by  the  surgeon  tinder  aseptic  c 
tionsmay  need  no  cleansing  whatever  at  the  close  of  the  operal 
after  any  prolonged  operation,  however,  a  flushing  of  the  woiuvi  I 
warm  sterile  salt-solution  (NaCl  3J  to  water  Oj)  will  carry  off  ee* 
of  the  germs  which  have  entered  the  wound  in  the  course  of  the 
operation,  and  will  in  no  way  retard  the  healing  proo  mg 

the  cut  edges  of  the  skin  with  stronger  antiseptics,  as  2  percent. 
peroxide  of  hydrogen  or  formalin,  is  recommended  by  some 
surgeons,  in  order  to  destroy  such  germs  in  the  deeper  layers  as 
may  have  escaped  the  preliminary  preparation,  and  threaten  the 
failure  of  first  intention  by  stitch- absct 

Wounds  made  under  non-aseptic  conditions,  however,  require 
much  more  painstaking  cleansing,  and  the  time  spent  in  these 
procedures  mav  often  determine  the  qu.  f  life  or  the 

patient.     Not  the  wound  alone,  but  the  skin  of  the  'tip 

parts,  must  be  made  as  nearly  aseptic  as  possible,  unless  the 
lay  is  directly  contraindicated  by  such  a  condition  torrhajje 

or  shock  as  to  threaten  life.      The  hair  of  th 
must    be   shaved,   and    the    skin   surface  scrubb 
water,   and  then  with  90  per  cent,  alcohol.     Where   greasy  siib- 

oil  or  wheel-grease,  are  present  near  the 
the  hands  oi  aw  en^raeet  «arc  mccttaxfte^  th.'wxA  saint* 


chlorate  may  be  used  with  very  good  effect.  After  these 
ninary  steps  the  wound  must  be  thoroughly  laid  open,  so  that 
irts  exposed  to  outside  contamination  during  the  injury  may  be 
cted  to  the  irrigating  fluids.  For  the  irrigation  of  accidental 
ds,  corrosive  sublimate  (i:  10,000),  carbolic  acid( '_.  per  cent.), 
■matin  (1:300)  may  be  used;  all  of  these  solutions  will  delay 
tig  to  a  certain  extent,  and  are  to  be  followed  by  salt-solution 
iled- water  irrigation  to  remove  the  antiseptic.  While  irriga- 
s  being  carried  out  the  wound  must  be  thoroughly  explored 
forceps  or  director,  and  any  gross  foreign  bodies,  like  bits  of 

or  gravel,  are  to  be  removed.  Irrigation  of  from  five  to  ten 
tes  will  generally  be  sufficient  to  insure  clean  healing  in  acci- 
cases  when  performed  within  an  hour  or  two  of  the  injury. 
ecroiic  Tissue. — Tissues  which  have  undergone  such  a  degree 
uising  or  so  great  a  loss  of  blood-supply  as  to  give  no  prom- 
:  surviving  the  injury,  must  be  sacrificed  in  the  interests  of 
atient.  Sepsis  is  greatly  favored  by  the  presence  of  necrotic 
1,  and  only  with  absolutely  certain  asepsis  can  doubtful  tissues 
lowed  to  remain  in  the  wound.  Bruising  of  tissues  is  not 
led  to  accidental  wounds,  but  occurs  in  many  operations 
:  it  might  be  avoided  by  the  surgeon  by  a  more  rigid  adher- 
to  the  proper  principles  of  wound- treatment.     The  cuts  of  the 

should  be  made  clean  and  straight.  Blunt  instruments  and 
■s  should  be  used  as  little  as  is  compatible  with  safety,  and 
cuts  should  never  be  made  where  one  would  have  been 
ient.      Buried  stitches  should  be  tied  only  tight  enough   to 

the  purpose  of  approximation  of  the  parts;  and  it  should  be 
nbered  that  the  swelling  which  follows  every  operation  will 
?n  a  loose  stitch,  and  perhaps  cause  a  strangulation-necrosis  in 
it  one.  In  the  choice  between  absorbable  material  and  silk 
matures  and  sutures,  much  must  be  left  to  the  personal  taste 
xperience  of  the  operator.  Silk  is  known  to  be  absorbed  in 
Durse  of  time;  but  where  germs  are  present  in  sufficient  quan- 

to  set  up  suppuration  this  absorption  does  not  occur  in  time  to 
nt  the  opening  of  the  wound  and  the  discharge  of  the  ligature, 
e  other  hand, silk  is  a  less  favorable  culture-medium  for  bacteria, 

smaller  strand  will  give  the  necessary  strength.  Silk  may 
rrilized  easily  at  the  time  of  operation,  while  animal  sutures 
re  more  elaborate  preparation.  The  length  of  time  during 
1  an  animal  suture  may  be  depended  upon  varies  within  wide 
>.  Cases  are  reported,  on  the  one  hand,  where  catgut  ties  gave 
ind  allowed  fatal  hemorrhage  from  the  uterine  artery  on  the 
h  day;  and,  on  the  other,  chroinicized  catgut  sutures  have  been 
ved  intact  from  a  hernia-wound  four  years  after  the  operation. 
le  use  of  animal  sutures  in  the  service  of  some  of  the  sur- 
i  of  the  Massachusetts  General   Hospital  is  as  follows: 

In  cases  of  undoubted  sepsis  catgut  is  used  for  deep  stitches 
i<sratures,  except  where  large  arteries  require  ligature. 

In  cases  of  undoubted  asepsis  silk  is  used  throughout. 

In  skin-sutures  silkworm-gut  is  used  almost  exclusively^ 
-  interrupted  or  continuous  or  subcutaneow?,. 
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4.   For  sutures  in   mucous   membranes,  as  the   mouth  or  the 
vagina,  catgut  is  used  to  avoid  the  necessity  of  removal. 

Dryness  of  Wounds, — Fluids  collected  in  a  wound  force  the  sur- 
faces apart  and  delay   or  prevent   healing   in   proportion   to  the 
amount  of  fluid  present  in  any  given  case.     The  secretion 
clean  wound  has  been  found  to  possess  a  certain  germicidal  \» 
for  the  first  twenty- four  to  forty -eight  hours  ;  but  this  power  is  noi 
sufficient  to  protect  the  individual   from    the    inoculation  of  an*s 
large  number  of  bacteria,  and  after  forty-eight  hours  the  wounci- 
secretion  becomes  a  must  favorable  culture-medium  for  bacterial 
growth.     For  these  reasons,  oozing  of  blood,  as  well  as  more  acti*v^  e 
hemorrhage,  must  be  controlled  by  pressure  of  dry  gauze  sponge- 
preceded  if  necessary  by  a  douching  with  salt-solution  at  1 1S1'  IKr. 
Active  hemorrhage  must  be  controlled,   of  course,   by  pressui —  c 
forceps;  but  care  must  be  used  to  pick  up  only   the  bleeding  pen  -^m 
itself,  and  to  save  the  surrounding  tissues  as  much  as  possible  frow  m 
laceration.     Blood-vessels  which  are  not  occluded  by  the  tempore 
use  of  prtssiiTe-forceps  will  need   ligature;    but  in  each   case  t~^^ie 
finest  strand  of  ligature-material  must  be  used  which  will  betl        T3ie 
strain,   in  order  that  the  amount  of  foreign  material   left   in  t    ~3IC 
wound  may  be  reduced  as  much  as  possible.     The  application 
pressure  after  closure  of  the  wound  contributes  also  to  the  p 
vent  ion  of  hemorrhage  and  serous  oozing. 

When  copious  oozing  of  blood  or  scrum  is  unavoidable,  as 
wounds  of  large  extent  and  iu  parts  that  are  especially  vascular, 
where,  as  in  thyroidectomy,  pressure  cannot  be  safely  applied,  sommmat 
form  of  drainage  is  indicated   to  allow   the  escape  of  fluids.     T™"  ""he 

materials  used  for  drainage  are  tubes  of  glass  or  rubber,  strands of 

gauze  and  wicking,  and  solid  material  like  silkworm-guL  i~  he 
tubes  are  rarely  needed  iu  clean  cases;  a  small  piece  of  gauze,  fo!<^^Bed 
in  such  a  way  as  to  prevent  the  ravelled  edges  remaining  in  t — 3  he 
wound,  or  a  bit  of  wicking  will  be  sufficient  to  carry  off  the  ex< 
of  fluid  into  the  outer  dressing.  In  many  cases  this  wick  may 
removed  at  the  end  of  twenty-four  hours,  and  the  skin  closed  at 
point  of  exit  bv  a  u  provisional  "  suture  placed  at  the  time  of  ope 
tion,  but  left  untied  at  the  time  with  this  end  in  view.  In  C 
manner  the  advantages  of  drainage  may  be  obtained  without 
sacrifice  of  primary  healing. 

Where  doubt  exists  with  regard  to  the  cleanliness  of  a  wourr 
or  when  a  wound  opens  an  abscess-cavity  or  is  undoubtedly  sept  ^^ic. 
drainage  becomes  a  matter  of  more  than   temporary   cxpediiilL—Ti 
and  drainage-material  must  be  adopted  suitable  to  the  amount  ...    ~^nd 
character  of  the  discharge.     Here  tubes  of  r  rubber 

decided  advantage,  and  a  system  of  double  tubing  which  will  all*      ow 
of  frequent  flushing  out  with  some  antiseptic  fluid  is  often  much 
be  recommended.      Rubber  tubing,  afteT  a  thorough  washing         in 
soap  and  water,  may  be  sterilized  by  boiling  for  ti  nd 

kept  for  use  in  a  5  per  cent,  carbolic  acid  soluti  sfcaes 

can  be  boiled  with  the  instruments,  and  are  particularly  vahtaC^fr 
for  deep   abdominal   drainage   in   that   they   are  not   coIlap$ib>7e 
When  used  m  \.\\\s  'qta^YuraeTCi^^Eifc  ^As»b  VwW  should  be 


ess 

be 
the 


he 


se 


TREA  TMENT  OF  WOUNDS. 


8n 


rounded  by  several  layers  of  gauze,  to  prevent  erosion  of  the  intes- 
tines. An  efficient  adjunct  tu  the  use  of  drainage-tubes  in 
abdominal  cases  is  a  small  glass  syringe  and  a  rubber  catheter, 
with  which  the  nurse  can  at  frequent  intervals  suck  out  the  fluids 
which  collect  in  the  lower  portion  of  the  tube. 

Closing  tks  Wound, — All  the  cut  surfaces  in  a  wound  must  be 
brought  together  in  such  a  way  as  to  leave  as  small  a  space  for  the 
collection  of  wound-secretion  as  is  possible.  This  end  is  best 
attained  by  a  well-directed  application  of  pressure  in  the  final 
dressing,  but  can  be  materially  aided  in  certain  cases  by  the  careful 
placing  and  gentle  tieing  of  a  few  buried  sutures.  The  skin-surfaces 
must  be  approximated,  and  many  methods  of  suture  are  to  be 
recommended — interrupted  sutures,  continuous,  and  subcutaneous. 
The  special  point  to  be  emphasized,  however,  is  this:  That  the 
part  of  the  wound  which  is  most  doubtful  in  the  matter  of  asepsis 
is  the  deeper  layer  of  epidermal  cells,  and  for  this  reason  the  suture, 
like  the  double-header  (where  two  needles  are  threaded  upon  one 
piece)  which  is  passed  from  within  out,  is  always  to  be  preferred  to 
that  which  is  passed  from  without  in;  and  the  subcutaneous  stitch, 
which  does  not  enter  the  epidermis  at  all,  is  a  greater  safeguard 
even  than  the  "double-header.11  Whichever  method  of  suture  is 
adopted,  only  as  many  stitches  should  be  placed  as  are  essential  to 
approximation;  and  none  must  be  tied  so  tightly  as  to  endanger 
the  vitality  of  the  tissue  either  by  tension  or  by  strangulation. 

Dressings. — The  materials  used  for  surgical  dressings  have 
been  simplified  in  the  last  few  years  to  such  a  degree  that  in  clean 
wounds,  at  any  rate,  dry  steriie  gauze  is  almost  universally  pre- 

Krred.  The  dressing  is  intended  to  protect  the  wound  and  to  absorb 
e  discharges.  Dry  gauze  is  sufficient  for  both  purposes;  but  when 
soaked  through  with  blood  and  serum  must  be  immediately  re- 
placed by  fresh  sterile  gauze,  to  avoid  the  contamination  that  will 
result  from  the  ready  migration  of  the  bacteria  from  the  outside 
through  the  serum-soaked  meshes  to  the  wound.  Septic  wounds 
with  a  large  amount  of  discharge  require  frequent  renewals  of  the 
dressing,  to  prevent  decomposition  of  the  discharges ;  and  for 
this  end  the  antiseptic  poultice  is  devised.  Weak  hot  solutions  of 
corrosive  sublimate  (i  :  8000)  or  sulpho-naphtol  (sj  to  Oil)  are  pre- 
pared every  four  hours;  and  a  gauze  pad  wrung  out  in  this  solution 
s  applied,  and  covered  with  paper  or  oiled  silk,  to  prevent  evapora- 
ion.  In  septic  conditions  of  the  arm  or  foot,  a  bath  of  the  same 
proportions  may  be  substituted  for  the  poultice,  and  the  part  remain 
immersed  for  one  hour  in  every  four,  with  beneficial  effect.  An- 
other variation  of  this  use  of  antiseptic  solutions  is  the  constant- 
drip  apparatus,  by  which  a  continuous  stream  of  one  of  these 
weaker  solutions  is  made  to  flow  over  or  through  a  wound  for 
hours  at  a  time. 

Immobility, — Rest  is  one  of  the  greatest  factors  in  repair,  and  a 
proper  restriction  of  the  motions  of  the  part  affected  is  one  of 
eatest  desiderata  in  wound-treatment.     The  limb  must  be  placed 
a  comfortable  position,  so  as  to  relax  the  tissues  to  the  utmost 
and  it  must  be  kept  in  this  position  by  spYuUs,  awA Y&wtajg p&  vyc\.v> 
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healing  is  so  far  progressed  as  to  preclude  the  possibility  of  sudden 

muscular  action  pulling  the  surfaces  apart.     With  the  > 
observance  of  these  principles,  the  surgeon  has  done  all  in  the  way 
of  operative  procedure  that  can  be  done  to  promote  the  healing  of 
a  wound,  and  the  actual  process  of  repair  may  thereafter  be  safely 
entrusted  to  Nature. 


111.    BACTERIOLOGY   OF    THE   MOUTH   AND    PHARYNX.    EYE^E, 

EAR,  AND    NOSE, 

THE    MOUTH    AND   PHARYNX. 

The  mouth  and  pharynx  possess  conditions  which  are  admirer  r- 
ably  adapted  to  the  development  of  micro-organisms — namely- _^~v 
warmth,  moisture,  and  an  abundance  of  nutrient  material.  Til  i  In' 
exposed  situation  of  these  cavities  favors  the  continual  introduc 
tion  of  bacteria  in  air,  food,  and  a  variety  of  foreign  substance: 
While  most  of  the  species  occurring  are  saprophytic,  yet  a 
pathogenic  ones  may  usually  be  found  in  health)'  individuals,  atuc-^»d 
under  certain  circumstances  may  multiply  to  a  considerable  estCCM  nt 
without  producing  any  discoverable  local  or  general  disturbance. 

Bacterial  invasion  of  the  tissues  of  the  mouth  and  pharynx 
largely  restricted  by  the  following  agencies  :    i.  The  character  cz»  of 
the  mucous  membrane  ;  2.  The  action  of  ingested  food  and  secrete^^  _ied 
fluids ;   3.   Phagocytosis. 

1.  The  mucous  membrane  is  of  the  pavement-form,  in  *ost 
places  compact  and  well  nourished  by  an  abundant  blood-supply  T 
Epithelial    regeneration   and  desquamation  are   rapid  and  contirm-  i 
uous.     In  the  mucous  membrane  covering  the  tonsils  and  lympl:C«qph- 
oid  structures  of  the  pharynx,  however,  a  looser  texture  existr  ^ 
with   actual   deficiencies   and   channels   communicating   with   thHTjJthe 
efferent  lymph-vessels.      Such  places,  although  protected  to  a  cer-^^ 
tain  extent  by  the  active  phagocytosis  there  present,  ncverthelc^-^^ess 
constitute  frequent  entrance-points  of  bacterial  infection. 

2.  The  ingestion  of  food  and  fluids  flushes  the  mouth  and  thras.«=»at 
periodically  and  removes  large  numbers  of  micro-organisms.  W:t^  ^ith 
regard  to  the  action  of  saliva,  recent  investigations  have  show^^^^wn 
that,  while  it  does  not  markedly  influence  the  vegetative  activities  * 
of  most  bacteria,  it  distinctly  lessens  the  virulence  of  pathogenr  mzmuc 
forms.  This  diminution  in  virulence  exists,  however,  only  ^  so 
long  as  the  micro-organisms  are  in  contact  with  the  saliva,  air  ^»  -J\d 
may  be  restored  by  cultivating  them  upon  other   culture-medi.  m:  ia. 

3.  Phagocytosis  in  the  mouth  probably  does  not  play  a  001 
uous  part  in  controlling  the  activities  of  micro-organisms.      In  iK     he 
crypts  of  the  tonsils,  however,  the  poly  nuclear  leukocytes  arc 
important  barrier  against  infection,  and  compensate  more  or  It 
completely  for  the  loose  epithelium  and  imperfect  e  th^ ip 
present. 


From  the  surgical  standpoint,  the  occurrence  of  pathogenic 
bacteria  in  the  mouth  and  pharynx  offers  two  important  subjects 
For  consideration  :  First,  the  possible  transportation  of  such  germs 
to  vulnerable  parts  of  the  body  during  operative  procedures;  sec* 
md,  the  effect  of  their  presence  upon  wounds  of  the  oral  and  pha- 
ryngeal tissues. 

With  regard  to  the  first  possibility,  the  inhalation  of  bacteria 
from  the  mouth  immediately  suggests  itself  as  the  cause  of  pneu- 
monia following  etherization.  It  has  been  shown  that  during 
forcible  inspiration  particles  of  mucus  or  saliva  may  be  drawn  into 
the  bronchi  and  bronchioles,  whence  they  are  driven,  by  the  air- 
pressure  during  the  succeeding  act  of  coughing,  into  the  alveoli, 
[n  this  manner,  pathogenic  bacteria  may  be  carried,  suspended  in 
particles  of  fluid,  into  the  lung-tissue.  This  mode  of  origin  ap- 
pears more  probable  than  that  the  pneumonia  is  caused  by  the 
inhalation  of  pathogenic  germs  from  the  surrounding  air,  inas- 
much as  the  latter  contains  an  insignificant  number  in  comparison 
with  those  present  in  the  mouth.  It  thus  would  seem  to  be  of 
practical  importance  to  sterilize,  as  far  as  possible,  the  mouths  of 
patients  previous  to  etherization  (see  below  for  formulae). 

The  Surgical  Preparation  of  the  Mouth  for  Operation. — 
While  the  use  of  antiseptic  washes  has  been  shown  to  destroy  bac- 
:eria  in  the  saliva  or  on  the  exposed  surface  of  the  mucous  mem- 
brane, it  is  not  likely  to  affect  germs  situated  in  the  cavities  of 
zarious  teeth,  unless  a  mechanical  cleansing  be  also  performed. 
The  routine  followed  at  the  Massachusetts  General  Hospital,  sug- 
gested by  W.  F.  Whitney,  is  to  be  recommended  as  calculated  to 
ninimize  the  danger  from  inhalation-pneumonia:  Several  days 
before  the  operation  the  patient's  teeth  are  examined  by  a  dentist 
md  thoroughly  cleansed.  Any  cavities  present  are  filled.  Me- 
chanical cleansing  and  sterilizing  are  continued  by  rinsing  the 
nouth  and  brushing  the  teeth,  especially  about  the  roots,  several 
limes  a  day  with  an  antiseptic  solution.  The  pharynx  and  tonsils 
ire  sprayed  at  the  same  time  with  the  antiseptic.  As  shown  in  the 
section  on  the  Bacteriology  of  the  Nose,  sterilization  of  the  nasal 
passages  is  superfluous,  with  the  exception  of  the  vestibule,  which 
zontains  great  numbers  of  bacteria,  and  will  tolerate  vigorous  anti- 
septic measures  without  injury.  It  is  well  to  adopt  this  prepara- 
tion in  all  cases  in  which  anaesthesia  is  to  be  produced,  and  espe- 
cially in  all  cases  of  operations  upon  the  mouth  or  the  abdomen, 
in  order  to  avoid  the  dangers  of  a  septic  pneumonia. 

Notwithstanding  the  abundance  of  micro-organisms  in  the 
nouth  and  pharynx,  wounds  and  injuries  of  these  parts  ordi- 
larily  heal  with  rapidity,  a  result  due  to  the  great  vascularity 
>f  the  tissues  and  to  the  continual  flushing  and  free  drainage. 
Asepsis  is  practically  impossible  to  secure,  and  the  entrance  of 
new  organisms  into  the  mouth  and  pharynx  cannot  be  prevented. 
Strong  antiseptic  solutions,  especially  salts  of  mercury,  inhibit  the 
normal  processes  of  regeneration  in  wounded  tissues,  and  may 
zven  cause  a  breaking  down  of  previously  healthy  structures  in 
the  vicinity. 
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The  subject  of  mouth-sterilization  has  been  most  fully  investi- 
gated by  Miller,  who  has  shown  that  many  of  the  agents  ordin.< 
relied  upon  for  this  purpose  are  of  little  or  no  value.     Among  the 
preparations  which  show  but  slight  power  to  disinfect  the  month 
are  potassium  chlorate,  borax,  and  carbolic  acid.     The  vs 
these  and  similar  remedies    probably   lies  chiefly  in  the  n 
ical  acts  of  flushing-  and  cleansing  during  their  use.     Of  the  antt^ 
septics  which  may  be  used  daily  without  injury  to  the  teeth,  sac-^, 
charine  and  benzoic  acid  were  shown  to  be  the  most  efficient.    Th^ 
following  formulae  are  recommended  : 

R.    Acid,  benzoic,  3. 

Tinct.  eucalypt,  15. 

Alcohol.,  100. 

Ot.  menth.  pip.,  o*75 — M. 

Sig. — To  half  a  wineglassful  of  water  add  enough  of 
the  solution  to  produce  distinct  clouding.  Hold  in 
the  mouth  for  one  minute. 

The  antiseptic  strength  of  the  mixture  is  increased  by  the  adc 
tjon  of  0.8  gram  of  corrosive  sublimate,  although  this  is  n< 
recommended  for  daily  use. 


R.    Saccharin i, 

Acid,  benzoic, 
Tinct  ratanh., 
Alcohol,  absol,, 
01.  menth.  pip., 
Ol.  cinnam., 


2-5 
3- 
15- 

IOQ. 

O.5. 

0.5.—  M. 


Sig.- — Dilute  with  ten  parts  of  water,  or,  better,  ten 
parts  of  a  4  per  cent  solution  of  hydrogen  peroxide, 
and  hold  in  the  mouth  for  one  minute. 

These  preparations  have  been  shown  to  exert  a  powerful  b^=-  ^ nc; 
tericidal  effect  without  apparent  injury  to  the  teeth  or  the  s^^^^oU 
tissues.  It  should,  however,  be  emphasized  that  their  use  is  ncr^^not 
indicated  in  clean  wounds  with  good  drainage,  as  epithelial  rcge^-^f11" 
eration  is  likely  to  be  more  retarded  than  if  a  simple  cleans!*"  ^nS 
wash  were  employed. 

Formalin  is  a  powerful  disinfectant,  about  equal  in  germicti^^Ki^ 
action  to  corrosive  sublimate.    Its  irritating  effect  remk  •  1     J«ut- 

able  for  use  upon  mucous  membranes,   except  in  solutions  of 
per  cent,  or  less.      In  combination  with  various  neutral  salts  a«" 
essential    oils,   it   enters   into  the   composition   of  several    rece — 
proprietary    solutions,    and    is    probably    the    chief   factor    it: 
antiseptic  efficacy  of  such   preparations. 

Pathogenic   Bacteria    of  the    Mouth,— .v  cut    /«. 

genes.—- This     organism    is    found    in    catarrhal    and    ulcerati\r 
stomatitis,    in    parenchymatous    inflammations,  especially  of   ttoe 
tongue,  in   acute  inflammation  of  the  lingual   and   fain 
and  in  most  suppurative  processes.      It  is  generally  associated  wirb 
other   pyogenic  WcAetYA,  esy^evAlbj  forms  of  staphs 
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Staphylococcus  Pyogenes  Albus,  and  the  varieties  Aureus  and 
Cilrens. — These  organisms  are  the  etiological  factors  in  many 
acute  inflammations  of  the  mouth  and  pharynx,  such  as  aphthous 
.stomatitis,  acute  lingual  and  faucial  tonsillitis,  and  in  must  suppu- 
rative processes,  occurring  either  alone  or  in  association  with  the 
Streptococcus  pyogenes. 

Klebs'Loffler  bacillus  gives  rise  occasionally  in  the  mouth  to  a 
fibrinous  inflammation,  which  may  either  be  isolated  or  occur  in 
association  with  diphtheria  of  the  fauces, 

Pnemnococcus  of  Friinkcl. — This  organism  occurs  normally  in 
the  month  and  on  the  surface  of  the  tonsil.  It  gives  rise  rarely  to 
a  tonsillitis  characterized  by  sudden  onset,  the  presence  of  a  false 
membrane,  and  termination  of  fever  by  crisis. 

Bacillus  of  Fried  lander. — This  bacillus  has  been  found  in  cases 
of  tonsillitis  running  a  subacute  or  chronic  course,  and  has  been 
held  by  some  observers  to  be  the  etiological  factor. 

Bacillus  of  Tuberculosis, — -This  baa  ay  invade  the  tissues 

of  the  mouth  and  pharynx,  either  primarily  or  secondarily,  in  the 
course  of  pulmonary  tuberculosis.  The  lesions  may  be  miliary  in 
character  at  the  beginning,  forming  later  superficial  ulcerations; 
or  they  may  take  the  form  of  nodular  swellings.  The  lupous  form 
is  generally  an  extension  from  lesions  of  the  adjacent  skin. 

Bacillus  if  Leprosy. — This  bacillus  at  times  produces  lesions  of 
the  mouth  during  the  course  of  the  general  disease. 

Bacillus  of  C 'landers. — -This  organism  frequently  invades  the 
tissues  of  the  mouth  and  pharynx  in  persons  suffering  from  the 
general  affection.  The  lesions  of  the  mucous  membrane  are 
analogous  to  those  on  the  skin,  occurring  as  circumscribed  infil- 
trations and  losses  of  substance. 

Bacillus  of  Typhoid  Fever. — This  bacillus  has  been  found  in 
the  mouths  of  patients  suffering  from  the  general  disease,  and  is 
supposed  to  be  the  cause  of  the  superficial  ulcerations  sometimes 
found  on  the  anterior  pillars  of  the  fauces. 

Among  other  micro-organisms,  may  be  mentioned  the  ray-fungus 
1  the  cause  of  actinomycosis)  and  Saccharomyces  albicans  (the  cause 
of  thrush). 

Caries  of  the  teeth  is  due  to  the  action  of  several  acid-forming 
species  of  bacteria,  and  not  to  a  single  specific  organism.  The 
acids  are  excreted  by  the  bacteria  in  situ  on  the  surface  of  the 
teeth.  According  to  J.  L.  Williams,  at  least  two-thirds  of  the 
dental  decay  now  prevalent  may  be  prevented  by  the  faithful  use 
of  germicides.  For  this  purpose,  the  milder  form  of  the  two  anti- 
septic mouth-washes  previously  given  (page  814)  may  be  used  with 
regularity  daily. 

The  Antiseptics  of  Tooth-filling.— Complete  sterilization 
of  a  cavity  requires,  as  shown  by  Miller's  experiments,  a  consider- 
ably longer  time  than  has  ordinarily  been  supposed.  In  many 
cases  it  is  advisable  to  allow  the  antiseptic  to  remain  in  the  cavity 
for  half  an  hour,  or  even  for  twenty-four  hours.  This  is  best  done 
by  applying  the  antiseptic  on  a  small  pledget  of  cotton,  and  closing 
the  cavity  with  soft  cement  or  other  protective  material.     A.ft.«: 
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removal  of  the  antiseptic,  and  immediately  before  iutroducingthc 
filling,  a  current  of  hot  air  is  to  be  blown  into  the  cavity.  This 
has  been  shown  to  diminish  very  considerably  the  chance  of  any 
germs  persisting  in  the  walls  of  the  cavit;. . 

Of  the  various  antiseptics  used  to  sterilize  cavities,  carbolic  acid 
is  most  generally  employed.      Styrone,  trikresol,  and  1  also 

efficient  disinfectants.  These  are  all  used  pore.  Where  a  bleach^ 
ing  of  the  tooth  is  desired  in  addition  to  a  powerful  gemiK 
action,  pyrozone  in  ethereal  solution  is  to  be  considered  a  most 
useful  preparation.  The  weaker  solutions  are  to  be  used  only 
where  all  caries  has  been  removed,  as  their  penetrating  powers 
cannot  be  relied  upon. 

Proper  cutting  and  polishing  of  the  enamel-margins  of  cavities, 
and  the  absolute  sealing  of  them,  are  matters  of  as  great  importance 
as  sterilization,  since  upon  them  depends  the  prevention  of  subse- 
quent penetration  of  micro-organisms. 

Diagnosis  of  Acute   Infectious    Inflammations    of   the 
Throat. — In  acute  exudations  of  the  upper  air-passages  the  nc 
sity  for  accuracy   in   diagnosis   has  been  emphasized  by  the  intro- 
duction of  serum-therapy.     Whether  the  inflammatory  phenomena 
are  excited  by  pyogenic  bacteria  or  by  diphtheria-bacilli  is  a  matter 
of  the  gravest  import  to  prognosis  and   treatment.      In  a  large 
percentage  of  cases  such  a  knowledge  can  be  attained  by  app 
the  bacteriological  test.     Within  the  space  of  twenty-four  hi 
cultures  from  the  affected  mucous  membranes  suffice  to  establish 
the  diagnosis  with  a  precision  unattainable  by  clinical  methods. 
Where  culture-tubes  of  serum  are  not  procurable,  or  ai  dom 

employed  as  to  be  likely  to  dry  out,  the  culture  may  be  con 
ently  taken  on  the  sterilized  swab  shown   in   Fig.  8it  and  thus 
transmitted  to  the  bacteriological  laboratory  for  inoculation. 

In  taking  a  culture  from  the  throat,  care  should  be  taken  to  press 
and  twist  the  cotton  of  the  swab  rather  firmly  against  the  affected 
surface,  as  diphtheria-bacilH  are  frequently  more  deeply  situated  in 
the  false  membrane  than  are  pus-cocci,  and  consequently  are  i 
likely  to  escape  removal.  For  practical  purposes,  at  the  present 
time  we  have  to  consider,  in  a  doubtful  case  of  pharyngitis  or 
tonsillitis,  only  the  diphtheria-bacillus,  the  Streptococci  tries, 

and  the  Staphylococcus  albus  and  aureus  as  the  possible  cans 
factors.     In  a  very  few  cases  the  pneumococcus  was  found  to  be  the 
cause  of  an  exudative  tonsillitis,  while  occasionally  Friedlander's 
bacillus   and   the    Micrococcus    tetragenus    were    apparently   the 
infecting  agents.     Such  conditions  deserve  further  investigation, 

THE  EYE. 

The  normal  conjunctiva  contains  always  large  numbers 
micro-organisms.  While  most  of  these  are  being  constant. 
drained  away  by  the  tears,  a  certain  number  persist  in  the  sac, 
owing  to  their  deep  situation  under  the  epithelium,  or  in  the  dncts 
of  the  glands.  They  are,  furthermore,  especially  abundant  in  the 
lid-borders  and  the  roots  of  the  lashes.     A  germicidal  action  has 
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n  attributed  to  the  tears;  but  this  property,  if  present,  is 
•xercised  only  against  certain  bacteria,  not  toward  all.  Bacteria 
.re  not,  as  a  rule,  found  in  the  secretion  of  perfectly  normal 
'lands  (GifTord). 

Owing  to  the  fact  that  many  bacteria  are  so  deeply  seated,  it  is 
rnpossible  to  sterilize  the  conjunctiva  completely,  even  over  limited 
reas;  while  it  is  even  more  difficult  to  remove  the  germs  from  the 
id-borders  and  the  roots  of  the  lashes.  In  preparing  for  opera- 
ions  and  in  the  treatment  of  wounds,  antiseptics  should  be  avoided, 
s  they  are  likely  to  injure  the  delicate  structures,  especially  the 
ornea,  as  well  as  to  inhibit  the  processes  of  repair.  Douches  of 
tormal  salt-solution  and  mechanical  cleansing  before  operations  are, 
lowever,  eminently  desirable.  Observance  of  the  following  details 
5  recommended:  The  face  and  lids  are  washed  with  soap  and  warm 
prater  prior  to  the  operation.  The  conjunctival  sacs  and  surfaces 
re  washed  with  sterilized  normal  salt-solution.  A  moderately  firm 
wiping  of  the  lids  and  lashes  has  been  shown  to  diminish  very 
ousiderably  the  number  of  bacteria  present  in  these  situations. 
>uring  the  operation  everything  that  touches  the  eye  is  to  be 
septic,  but  no  antiseptics  are  allowed  to  come  into  contact  with 
t.  After  the  operation  the  eye  is  gently  douched  with  salt-solu- 
ion.  The  dressing  consists  of  moist  linen  and  one  or  two  layers  of 
bsorbent  cotton,  kept  in  position  by  horizontal  and  vertical  plaster 
trips.  The  aim  before,  during,  and  after  the  operation  is  to  keep 
he  conjunctiva  as  nearly  as  possible  in  its  normal  condition  and 
ree  from  irritation. 

Sterilization  of  the  more  delicate  instruments  must  be  performed 
rith  great  care,  to  avoid  injuring  their  edges.  The  edge  of  the 
ristrument  should  first  be  examined  with  a  magnifying-glass,  to  see 
hat  it  is  in  proper  condition;  then  the  instrument  is  wrapped  in 
otton  and  placed  in  the  boiling  soda-solution.  From  this  it  is 
•laced  in  absolute  alcohol  until  ready  to  use,  when  the  blade  is 
reed  from  the  alcohol  by  dipping  into  sterilized  water. 

Sterilization  of  small  instruments  by  the  vapor  of  formaldehyde 

now  generally  practised,  and  is  most  conveniently  done  in  one 

the  special  sterilizers  now  for  sale. 

A  classification  of  conjunctivitis,  depending  upon  the  dernon- 
trated  presence  of  certain  microbes,  has  been  proposed  ;  but  anv 
uch  attempt  can  only  lead  to  error  in  the  present  state  of  our 
;nowledge,  since  there  may  be  cultivated  from  the  discharge 
ertain  germs  which  have  no  influence  in  causing  the  disease; 
bus,  one  dare  not  say,  in  the  absence  of  membrane  upon  the  cnn- 
uuctiva,  that  diphtheria  is  present  merely  because  one  has  suc- 
eeded  in  demonstrating  the  diphtheria-bacillus  in  the  exudation. 
sTor  must  it  be  forgotten  that  two  infections  may  be  present  at  one 
ime,  as  when  we  infect  a  patient  suffering  from  trachoma  with 
pnorrhceal  ophthalmia  (Morax  and  R.  Petit). 

At  least  ten  species  of  bacteria  have  been  isolated  from  the 
ormal  conjunctiva.     Although  most  of  them  are  not  ordinarily 

thogenic,  they  may  become  harmful  if  the  tissues  in  which  they 
ist  become  bruised  or  irritated  (Randolph), 
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The  pathogenic  micro-organisms  which  occur  also  under  condi- 
tions of  health  are  the  Staphylococcus  pyogenes  albns  and  aureus, 
and  the  xerosis  bacillus. 

Staphylococcus  Pyogenes  Albus  and  Aureus. — These  occu: 
nially  in  greatest  abundance  along  the  lid-borders  and  in  the  roots 
of  the  lashes.     Pathologically,  they  are  found  in  many  infiasnst 
tions,  such  as  blepharitis,  phlyctenular  conjunctivitis,  in  tUo 
tions  of  the  cornea  that  are  not  typically  serpiginous,  in  su: 
rative  conditions;  and  in  association  with  other  specific  inflamma- 
tions, such  as  diphtheritic  and  gonorrhceal  conjunctivitis. 

Xerosis  Bacillus. — This  micro-organism  resembles  closely  the 
bacillus  of  diphtheria;  but  it  is  not  virulent  for  animals.  It  occurs 
normally  in  the  conjunctiva;  and  is  also  found  in  inflammations, 
especially  in  association  with  the   Koch -Weeks  bacillus. 

The  following  bacteria  are  not  found  normally  in  the  eye, 
their  presence  is  usually  attended  by  pathological  alterations  in 
the  tissues  : 

Koch-Weeks  Bacillus. — This  bacillus  resembles  closely  the  bacil- 
lus of  mouse-septicceniia;  and  measures  i  to  2  mm.  in  leng 
0.25  mm,  in  thickness.     It  is  found  in  the  conjunctival  sac  as  the 
etiological  factor  in  acute  contagious  conjunctivitis. 

DtplobaciUus  q/Aforax  and  Axen/eld. — This  occurs  in  the  form 
of  a  diplobacillus,  each  member  of  which  measures  2  to  3  mm.  iu 
length,  and  1  to  0.5  mm.  in  breadth.      Chains  of  these  diplobacilli 
are  not  infrequent  with  no  apparent  sign  of  division.      It  b 
orized  by  Gram's  method.     It  causes  a  subacute  or  chronic  0 
junctivitis,  running  a  course  of  from  six  weeks  to  six  mo 

Pneumococcm  >f  Frankel. — This  organism  ma] 
acute  contagious  inflammation  of  the  conjunctiva,  cL  em* 

bling,  clinically,  the  conjunctivitis  produced  by  the   I  eefa 

bacillus.     It  is  one  of  the  etiological  factors  in  typ  nous 

ulceration  of  the  cornea,  where  it  may  at  time 
pure  culture.      It   is  also   one  of  the   causes   oi~  panoj 
Kyle  found  that  in  Matanzas,  during  the  Spanish  \V. 
majority  of  cases  of  conjunctivitis  <  urred  were  1301 

organism. 

Streptococcus  Pyogenes,  —  This  organism  is  found  in  m 
nrative  inflammations  and  in  certain  forms  of  corneal  tttc 
t  itiiv  also  give  rise  to  membranous  conjunctivil 
^•onococcus  of  Neisser. — This  organism  is  an  etiol< 
uorrhoeal  conjunctivitis  and  in  severe  cases  of  conjunctr 
neonatorum. 

Ktcbs- Loftier   Bacillus. — This    bacillus    is    the    cause   of  < 
theritic  conjunctivitis.     It  develops  on  the  conjunctiva,  hof 
only  when  the  mucous  membrane   is  in  a  condition  to  rece 
such  as  might  be  brought   about  by  an  antecedent  simple 
junctivitis  or  general  depressing  illness. 

Bacillus  of  Tuberculosis. — This  bacillus  produces  characteristic 
tuberculous  lesions  in  the  ocular  coats. 

Bacillus  of  Leprosy. — This  organism,  at  times,  invades  throve, 
and  gives  rise  lo  t&ax&KXjestanK  wo&wVi 
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Other  micro-organisms  have  been  cultivated  from  infectious 
iiseases  of  the  eye,  such  as  trachoma  ;  but  their  etiological  rela- 
tionship has  not  yet  been  demonstrated. 


THE  EAR. 

The  external  tax  forms,  so  far  as  its  bacteriological  relations  are 
concerned,  simply  a  portion  of  the  cutaneous  covering  of  the  body, 
and  does  not  require  special  consideration.  The  most  frequent 
bacterial  affection  is  furunculosis  of  the  external  meatus,  caused 
by  staphylococci,  generally  the  Staphylococcus  pyogenes  aureus. 

Invasion  of  the  middle  ear  by  bacteria  occurs  most  frequently 
from  the  nasopharynx  through  the  Eustachian  tube.  The  latter 
is  lined  with  ciliated  epithelium,  the  motion  of  which  is  directed 
from  the  tympanum  toward  the  pharynx,  thus  constituting,  under 
normal  conditions,  an  effective  barrier  against  the  entrance  of 
micro-organisms.  When,  through  accident  {such  as  too  forcible 
blowing  of  the  nose)  or  through  disease  of  the  tubal  epithelium, 
germs  enter  the  middle  ear,  they  may  remain  there  without  harm 
and  lose  their  virulence,  or  they  may  be  thrown  out  again.  If 
external  influences  (as  chill  or  trauma)  depress  the  vitality  of  the 
mucous  membrane  of  the  tympanum  through  impairment  of  its 
nutrition,  then  favorable  conditions  for  the  growth  and  develop- 
ment of  micro-organisms  appear  to  be  provided,  and  a  reactive 
inflammation  results. 

Less  frequent  avenues  of  infection  of  the  middle  ear  are  through 
le  blood-vessels  in  endocarditis  and  in  general  septic  conditions, 

mgh   the    dural   process   in   the    petrosquamosal   suture,    and 

3Ugh  the  drum-membrane  if  the  latter  be  wounded  or  perfo- 
ited. 

Sterilization  of  the  external  meatus  and  drum-membrane,  prior 

opening  the  tympanic  cavity,  should  be  done  by  gentle  irriga- 
tion with  a  warm  solution  of  mercuric  chloride  of  the  strength  of 
1  :  5000;  followed  by  instillation  of  alcohol,  which  is  then  removed 
by  pledgets  of  sterilized  absorbent  cotton. 

In  irrigation  of  the  exposed  middle  ear,  the  same  practice  should 
be  followed  as  in  the  case  of  other  delicate  mucous  membranes — 
namely,  to  cleanse  without  irritation.  In  the  absence  of  second- 
ary infection,  sterilized  normal  salt-solution  fulfils  all  requirements. 
Where  a  moderate  degree  of  antiseptic  action  is  desirable,  mercuric 
chloride  in  1  .'5000  solution  or  saturated  boric-acid  solution  m 
be  used.  In  chronic  suppurations,  with  accumulation  of  foul  pus, 
peroxide  of  hydrogen  is  very  useful,  and  may  be  injected,  a  few 
drops  at  a  time,  through  a  slender  glass  pipette  into  the  middle 
ear.  This  not  only  exerts  a  germicidal  action  directly,  but  also 
disintegrates  the  masses  of  epithelium  and  cheesy  pus,  so  that 
ieir  subsequent  removal  is  greatly  facilitated.  These  instillations 
lay  be  repeated  several  times  at  each  sitting  until  no  more  effer- 
^scence  takes  place. 

Antiseptic  powders  find  their  place  in  chronic  infectious  of  the 
liddle  ear,  where  a  prolonged  mild  gemvicl&aX  2icA\o\\  vs>  fosiwt?s 
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Among  these  may  be  mentioned  boric  acid,   europhcn,  aristol. 
nosophen,  and  iodoform. 

Alcohol  is  an  excellent  antiseptic,  and  is  well  tolerated  in  root 
chronic   middle-ear  suppurations,    especially  if   exuberant 
illations  aTe  present.     At   the  beginning,  it  should   not  b 
stronger  than  70  per  ceut. ;  but  later  this  may  be  increase  , 
per  cent. 

Solutions  of  nitrate  of  silver  are  often  very  useful  in  suppura- 
tive conditions,  especially  when  the  mucous  membrane  is  r 
and  flabby,  both  from  its  antiseptic  action  and  from  its  power  of 
constricting  the  blood-vessels.      It  may  be  injected  into 
ear  in  strengths  of  from  0.5  per  cent,  to  1  per  cent. 

The  sterilization  of  instruments  should  be  performed  according 
to  general  surgical  principles.    In  the  case  of  hard -rubber  cat 
and  other  instruments,  which  cannot  be  boiled,  the  formaldelivdc 
sterilizer  may  be  used  to  advantage. 

Acute  infectious   inflammations   of   the   middle   ear  are 
commonly  due  to  the  pneumococcus  of  Frankel  and  the  Streps 
coccus  pyogenes,  less  frequently  to  the  Staphylococcus  pyogenes 
albus    and    aureus.      Occasionally    the   bacillus  of    Friedlander, 
Pfeiffer's   bacillus   of   influenza,  and   the  Bacillus  pyocyaneus  are 
causative  factors.     The  clinical  phenomena  excited  by  these  1 
organisms  vary  chiefly  as  regards  their  seventy,  the  complications 
of  greatest  gravity  occurring  in   infections  with   the  bad': 
Friedlander  and  the  Streptococcus  pyogenes.     The  latter  organism 
is  the  principal  one  found  in  inflammation  of  the  internal  ear. 

At  the  beginning  of  the  inflammation,  previous  to  perfor. 
of  the  drum-membrane,  there  is  generally  but  one  specie 
organism  present.      After  perforation,  secondary  inoculation 
tympanic  cavity  with  pyogenic  and  saprophytic  genus  oft< 
which  crowd  out  the  original  Specif 

Infectious  of  the  middle  ear  occurring  in  scarlet  fa 
theria,  typhoid  fever,   measles,  and  mumps  show   il 
pus-cocci,  generally  the  Streptococcus  pyogenes. 

In  tuberculosis  of  the  lungs  and  other  organs  an  involvement 
of  the  middle  ear  may  occur,  characterized  b  ic  Bttpp 

and  caries  of  the  bony  structure. 


THE  NOSE. 

The  number  of  bacteria  entering  the  nose  with 
current  of  air  varies  naturally  within  wide  limits.      I 
city-air   the   number  reaches  several  thousand  per  hour. 

nasal  vestibule  is  provided  with   vibrissas,  these  retain 

a  large    proportion    of   the    micro-organisms.      As  ma\    be 
experimentally,    the   incoming  stream  of  air,  with  pended 

dust  and  bacteria,  after  passing  the  vibrissa.-,  is  deflect) 
constricting  band  of  the  vestibule  against  the  st-i  about 

the  middle  of  its  cartilaginous  portion.      From 
rent  is  again  turned   upward  and   outward, 
end    of    tA\e    \\v\0u\\e  VwOmxraXR.     "£>£«.  VttS&era  "tfataSa.  *Jl\U   t 


BACTERIOLOGY  OF  THE   NOSE 


821 


.suspended  in  the  air  are  almost  wholly  filtered  out  in  their  subse- 
quent passage  through  the  nasal  chambers  and  the  nasopharynx, 
with  the  result  that  nasally  inspired  air  is  normally  free  from  micro- 
organisms when  it  reaches  the  larynx  and  trachea. 

Although  bacteria  are  thus  constantly  being  deposited  in  great 
numbers  upon  the  nasal  mucous  membranes,  under  ordinary  condi- 
tions they  not  only  fail  to  develop  there,  but  they  are  removed  with 
great  rapidity.  Cultures  of  known  bacteria  spread  experimentally 
upon  the  nasal  mucosa,  begin  to  disappear  within  a  few  minutes, 
and  after  two  hours  cannot  be  recovered.  The  agencies  which 
contribute  to  this  disposal  of  bacteria  are:  1.  The  action  of  the 
ciliated  epithelium,  2.  The  drainage  downward  of  fluid  from  the 
upper  portions  of  the  nasal  chambers.  3.  The  composition  of  the 
nasal  mucus,  which  is  unfavorable  fir  the  growth  of  micro- 
niisins,  although  destructive  to  only  a  few  pathogenic  ones — 1.  r. 
anthrax-bacilli.  Polynuclear  neutrophilic  leukocytes  are  found  in 
considerable  numbers  upon  the  nasal  mucous  membrane,  but  the 
extent  of  their  phagocytic  action  is  probably  limited.  Where, 
however,  the  lymphoid  tissue  of  the  nasopharynx  is  present  in 
iderable  amount,  as  in  children,  phagocytosis  is  a  conspicuous 
factor  in  disposing  of  nricro-organisuis. 

In  view  of  the  efficiency  of  these  natural  agencies  which  repel 
bacterial  invasion,  it  is  evident  that  artificial  sterilization  of  the 
nasal  mucous  membrane  is  superfluous.  Furthermore,  chemical 
substances  capable  of  destroying  bacteria  are  likely  also  to  affect 
unfavorably  the  delicate  tissues  within  the  nose,  by  inhibiting  the 
customary  rapidity  of  epithelial  regeneration,  or  by  checking 
ciliary  action,  or  by  altering  the  character  of  the  nasal  secretions. 
Sterilization  of  the  skin  and  hairs  of  the  vestibule  previous  to 
intranasal  operations  is,  on  the  other  hand,  eminently  desirable, 
in  order  to  destroy,  so  far  as  possible,  the  immense  numbers  of 
bacteria  situated  in  this  region,  which  might  otherwise  be  carried 
into  the  nose  upon  the  fingers  and  upon  instruments.  While  it  is 
doubtless  impossible  to  sterilize  the  skin  of  the  vestibule  com- 
pletely— for  instance,  at  the  roots  of  the  hairs — yet,  as  shown  by 
experience  in  other  localities,  as  in  the  conjunctiva,  removal  of  the 
greater  portion  of  the  bacteria  may  contribute  materially  to  the 
success  of  operations.  The  hairs  and  the  skin  should  first  be  freed 
mechanically  from  germs,  as  far  as  possible,  by  firm  wiping,  after 
which  a  pledget  of  absorbent  cotton  wet  with  corrosive-sublimate 
(1  :  1000)  solution,  but  not  dripping,  should  be  left  for  several 
minutes  in   the  vestibule. 

The  after-treatment  of  wounds  within  the  nose  consists  essen- 
tially in  filtering  out  the  germs  of  the  inspired  air,  in  keeping  the 
nasal  discharges  moist,  and  in  aiding  free  drainage.  These  results 
are  best  secured  by  the  following  measures:  After  the  operation, 
if  hemorrhage  has  ceased,  an  antiseptic  powder — nosopheu  or 
aristol — is  dusted  upon  the  cut  surface,  and  a  loose  pledget  of  cotton 
placed  in  the  nostril.  After  a  few  hours  the  wound  is  covered  by 
a  false  membrane,  composed  of  fibrin  and  leukocytes,  beneath  which 
granulations  form  and  epithelial  regeneration  takes  \klase~     TVv^vs* 
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Hi.  normal  method  of  healing,  and  it  is  only  necessary  to  see  that 
no  irritating  bacterial  process  takes  place  beneath  the  false  mem- 
brane. Mucus  is  apt  to  dry  over  the  surface  of  the  exudate, 
preventing  free  drainage.  Such  crusts  should  be  softe; 
Spraying  with  some  bland  alkaline  watery  Mind,  and  removed  with 
nasal  forceps.  Antiseptic  solutions  should  be  avoided  after 
tiuns  within  the  nose,  with  the  exception  of  peroxide  of  hydro 
gen,  which  is  useful  at  times  for  its  power  of  disintegrating  and 
softening  the  discharges,   thereby  aiding  in  free  drainage. 

Pathogenic  Bacteria  of  the  Nose.— Str,  j 
and  Staphylococcus  Pyogenes  Aureus    and  .libit  s. — These  micro- 
organisms may  occur  either  singly  or  in  association,  ii: 
chronic  catarrhal  processes,  in  suppurations  such  as  septal  abscess, 
and  as  a  complication  with  other  specific  inflammations,  especially 
diphtheria. 

Khhs-Ij'iffler     Bacillus,     or    the     Bad  11  its     Dif>lt/lie~ri&.—Jhis 
organism  at  times  produces  an  inflammation  of  the   n. 
membrane,  either  isolated  or  in  connection  with  faucial  d 

Other  infectious  of  the  nose,  generally  of  a  chrouic  char 
occur  from  inoculation  'with   the  tubercle-bacillus,  the  bacillus  of 
glanders,   the  leprosy-bacillus,  and  the  bacillus  of  rhinoscleromi 
In  atrophic  rhinitis  many  organisms  occur  in   the  nose,  without, 
however,  playing  any  other  yvle  than  that  of  saprophytes. 


IV.    BACTERIOLOGY   OF   THE   GENITO-URINARY   SYSTEM. 

An  understanding  of  the  bacteria  that  are  present  noi 
in  disease  in  some  portion  of  the  gen i to-urinary  tract  is 
for  without  such  knowledge  the  etio  obscure,  the  diagnosis 

incomplete,  the  prognosis  valueless,  and  not  only  may  the 
ment  be  inappropriate,  but  serious  In  general, 

without  the  presence  of  bacteria  the  genito-urinar.  is  free 

from  inflammatory  disorders;  but  their  presence  alon< 
sufficient  to  cause  disturbance.     They  act  as  the  exci; 
and   they  are  able  to  multiply  mid   do  harm  only  in  so- 
made  less  resistant  and  unable  to  withstand  their  | 
by  some  predisposing  cause,  whether  it  be  a  direct  trauma  or  I 
purely  nutritive  disturbance. 

For  the  reason  that  the  bladder  serve  common 

for  the  urine,  and  communicates  more  or  less  direct!  v,  especi 
the  male,  with  all  the  genito-urinar1,  organs,  it  is  most  COI 
and  satisfactory  to  study  the  effect  of  the  presence  of  germs  from 
this  center.      As  a  result  of  laboratory  research  and  clinical  obser- 
vation,  certain  principles  would  seem  to   be  t  d  : 

i.   Like  the  cutaneous  surface  of  the  body,  the  external  gi 
are  the  habitat,  even  in  health,  of  micro-organise 
greater  profusion.     This  will  include  the  vulva  and  vagina 
female,  t\\e  pte\>v\ce  \w  \\\*  vra^  a.\\d  the  urethra  in  both  sexe*  as 
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r  as  the  constrictor  urethrae  muscle.  2.  Normal  urine  is  sterile  ; 
lerefore,  in  health,  the  urinary  tract  above  this  *' cut-off"  muscle 

free  from  bacteria.  3.  Ligature  of  the  urethra  in  health  does 
3t  give  rise  to  cystitis,  but  is  followed  by  nutritive  disturbances 
1  the  bladder-wall,  thereby  rendering  this  organ  a  locus  minoris 
rsistenticT,  4.  Pure  cultures  injected  into  a  healthy  bladder  are 
•on  voided  with  the  urine,  and  do  no  harm  ;  the  proteus  Hauser, 
jwever,  is  an  exception  to  this  general  statement,  for  reasons  to 
s  described  later.  5.  Pure  cultures  of  pyogenic  bacteria  injected 
ito  a  bladder  whose  vitality  or  power  of  resistance  has  been  suf- 
:iently  diminished  will  give  rise  to  a  cystitis.  Retention  from 
iv  cause  is  a  powerful  factor  in  lowering  such  vitality,  6.  In 
;a1th,  ligature  of  a  ureter  is  followed  in  due  time  by  renal  atrophy 
ithont  suppuration,  and  usually  unattended  with  serious  disturb- 
lce.  7.  It  is  doubtful  whether  a  healthy  kidney  will  allow  the 
issage  of  bacteria  from  the  circulation  into  the  urine  ;  but  if  dis- 
ised,  bacteria  unquestionably  pass  through  the  tissue  into  the 
rine.  8.  As  in  the  bladder,  suppuration  in  the  kidney  demands 
litable  conditions  in  addition  to  the  presence  of  micro-organ- 
ms. 

Predisposing  Conditions ;  R61e  Played  by  Bacteria  in  the 
ansation  of  Cystitis. — Cystitis  is  an  inflammatory  process  of 
trying  severity  in  the  bladder-wall,  and  is  characterized  by  the 
"esence  of  pus-corpuscles  in  addition  to  other  cell-elements, 
urthermore,  no  cystitis  can  arise  Without  the  presence  of  bacteria, 
hicli,  in  turn,  demand  a  suitably  prepared  soil.  A  healthy  mucous 
embrane  does  not  offer  a  favorable  nidus,  and  it  is  not  unusual  to 
iserve  a  urine  swarming  with  bacteria  (notably  Bacterium  coli 
immune),  and  yet  the  bladder-wall  remain  intact  and  resist  bac- 
rial  invasion.      Such  a  condition  is  known  as  "  bacteriuria." 

The  factors  tending  to  lower  the  resistance  of  the  bladder- wall 
e  numerous.  The  age  and  general  health  of  the  patient  are 
iportaut  considerations,  for  young  and  vigorous  subjects  possess 
>rrespondingly  healthy  and  tonic  bladder-walls,  active  in  repair- 
ig  injury,  and  able  to  void  the  urine  without  any  residuum  ; 
icteria  are  rapidly  expelled,  even  if  accidentally  introduced;  and 
ie  nutrition  of  the  part  is  sufficient  to  overcome  the  effect  of  ordi- 
iry  trauma.  In  the  aged,  the  bladder-walls  are  atonic  and  dis- 
•nded,  and  often  unable  completely  to  void  the  urine.  An  eu- 
rged  prostate  gland  not  uncommonly  gives  rise  to  retention, 
hich  is  one  of  the  most  powerful  factors  in  lowering  the  resist- 
ice  of  the  wall  to  infection,  so  commonly  introduced  with  the 
itheter.  Such  cases  are  particularly  susceptible  to  infection, 
hich  not  infrequently  may  extend  to  the  kidney.  Strictures  of 
ie  urethra,  with  obstruction,  act  in  a  similar  manner.  Acute 
Mention  from  any  cause,  and  pressure  on  the  bladder  by  pelvic 
imors,  also  impair  its  nutrition.  Trauma,  whether  it  result  from 
istrumentntion  or  follow  the  constant  irritation  due  to  the  pres- 
ice  of  foreign  bodies,  particularly  calculi,  is  a  potent  factor  in 
lis  connection.  Chemical  irritants  (drugs  and  local  applications), 
vperacidity,    alkalinity,    venous   stasis,    awd   axte\a\  ^osvwjEssiassDL 
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from  chilling  of  the  skin  may  interfere  with  the  resisting  pc- \ 
the  bladder- wall. 

Bacterial  Invasion. — The  presence  of  bacteria  in  the  bladder 
is  not  sufficient  cause  to  produce  a  cystitis  (proteus  Hauscr «. 
cepted),  unless    some    nutritive   disturbance    has    preceded  their 
advent,  or  unless  they  remain  long  enough  for  such  char 
place  ;    but  nevertheless,  their  presence   is  an  absolute   ncc 
When  once  the  soil  is  predisposed,  the  resulting  inflamm 
vary    according  to   the  kind   of  infection,    the   number   of 

□isms,  and  the  absence  of  mixed  infection,  as  well  as  the  con- 
dition of  the  bladder-wall  and  the  urine. 

Cystitis  is  a  suppurative  process,  hence  the  invading 
must  be  pyogenic  ;   and  it  would  seem  that  the  power  to  decom- 
pose urea  possessed  by  many  varieties  is  not  sufficient  pe* 
give   rise  to  such  an  inflammatory  process.     These  t\\ 
however,  may  be  combined  in  a  single  variety  of  micro-organism. 
The  varieties  possessing  only  the  power  to  decompose  urea  are 
commonly  voided  before  they  cause  trouble,  for  fresh  acid  urine  is* 
constantly  being  excreted  by  the  kidneys  in  suffice  .  tc» 

overcome  the  alkaline  tendency  of  the  urine  in  the  blad  hSch 

is  voided   from    time   to  time.     If,  on   the  other  hand,  r 
should   take  place,  then   these  micro-organ 
the  urine  becomes  alkaline,  thereby   fi  the  action  of 

pyogenic  bacteria  that  may  already  be  present  or  be  introduced 
in  the  effort  to  relieve  the  retention. 

Bacteria  which  are  purely  pyogenic  multiply  in  the  urine,  and 
under  favorable  conditions  penetrate  the  bladder-wall  and  c 
Suppuration  ;  and  only  bacteria  with  this  characteristic,  which 
may  or  may  not  be  combined  with  the  power  to  decompo- 
are  able  to  cause  a  cystitis.  Suppurative  processes  in  the  urinary 
tract,  therefore,  demand  two  conditions — the  proper  condition  of 
the  soil  and  the  presence  of  pyogenic  bacteria. 

Reaction  of  the  Urine. — Given  a  cystitis  consequent  on  the 
invasion  of  purely  pyogenic  bacteria,  the  urine  will  remain  acid 
throughout  its  course.  Some  of  these  bacteria  have  a  feeble  power 
of  decomposing  urea  ;  but  even  then  the  urine  ordinarily  remains 
acid.  Such  forms  of  acid  cystitis  are  the  commoner,  and  also 
include  the  more  serious  types  (Bacterium  coli  commune,  tuber- 
cle-bacillus, Streptococcus  pyogenes). 

If  the  invading  bacteria  are   feeble  decomposers  of  urea,  t' 
periodical  evacuation  of  the  bladder  and  the  constant  flow  of  acid 
urine  from  the  kidneys  are  sufficient  to  maintain  an  acid  urine ; 
but  sudden  retention  of  urine  is  sufficient  to  render  it  all  ind 

even  ammoniacal,  and  thereby  the  pyogenic  property  en- 

hanced.    For  the  above  reason,  simple  decomposers  of  ur 
be  present  for  a  long  time  without  overcoming  the  normal  aci; 
of  the  urine. 

An  acid  cystitis,  therefore,  mav  persist  as  such  or  become 
alkaline  under  the  circumstances  just  cited;  but.  furthermore,  it 
may  become  alkaline:  (a)  if  the  micro-orgauism  decomposing  nrea 
is  active  (pioXeus  Waaase^  ^\a^\\\wxswsas>  rarest  Uojxefaciens);  (6)  if 


nrea 
(4)  if 


the  relation  between  the  soil  and  the  virulence  of  the  micro- 
organism is  altered  (alcoholism,  excesses,  violent  exercise);  or  {e)  if 
a  purely  pyogenic  variety  becomes  secondarily  infected  with  decom- 
posers of  urea.  Drugs  may  influence  the  reaction  of  urine.  It  is  not 
unusual  for  an  alkaline  cystitis  to  become  acid  on  the  removal  of 
some  of  these  causes — dilatiug  strictures,  use  of  catheter  to  prevent 
dual  urine,  rest,  diet,  local  irrigations,  and  internal  medication* 
Nevertheless,  many  a  cystitis  tends  to  persist  when  once  thoroughly 
established.  Ammouiacal  decomposition  is  generally  due  I 
mixed  infection,  and  is  of  secondary  importance;  but  of  itself  it  is 
not  a  direct  cause  of  cystitis,  although  such  a  condition  enhances 

•  the  activity  of  mam-  pyogenic  bacteria. 
Bacteria  in  the  Vicinity  of  the  Meatns  Urinarins  and  in 
the  Male  "Urethra, — Much  confusion  exists  at  present  among 
authorities,  both  in  regard  to  the  varieties  of  micro-organisms 
associated  with  the  genito-urinary  organs  in  health  and  disease, 
and  also  in  regard  to  the  role  they  play.  This  confusion  is  readily 
understood  when  we  consider  the  large  number  which  frequent  the 
external  genitals  in  health,  as  well  as  the  additional  varieties 
associated  with  disease.  Several  varieties  are  usually  present  in 
every  case,  and  it  is  a  difficult  task  to  isolate  and  cultivate  them. 
Furthermore,  polymorphism  adds  to  the  difficulty  of  isolation  and 
identification, 

As  has  been  stated,  the  external  genitals  as  far  as  the  constrictor 
nrethrce  muscle  are  the  habitat  in  health  of  many  varieties  of 
'bacteria;  but  above  this  muscle  the  genito-urinary  tract  is  sterile. 
Some  of  these  bacteria  are  pathogenic;  but  the  great  majority,  so 
far  as  known,  do  not  give  rise  to  trouble.  Even  the  varieties  which 
niav  give  rise  to  a  fatal  cystitis  or  pyelonephritis  may  remain  in 
the  urethra  for  an  indefinite  period  without  causing  trouble.  The 
difficulty  of  rendering  the  urethra  aseptic  and  the  danger  conse- 
quent on  introducing  instruments  into  the  bladder  will  be  con- 
sidered later. 

At  least  twenty  varieties  of  micro-organisms  have  been  obtained 
from  the  external  genitals  by  different  observers;  but  later  research 
may  show  many  of  these  to  be  one  and  the  same  variety.  Many 
of  them  have  the  power  to  decompose  urea,  but  comparatively  few 
are  pathogenic.  There  are  many  reasons  for  believing  that  the 
majority  of  these  varieties  may  complicate  cases  of  cystitis  in 
which  there  has  been  much  instrumentation,  and  that  they  play  a 
decidedly  secondary  role,  for  examination  of  cases  of  cystitis  fre- 

Iqueutly  shows  a  pure  culture  of  some  pyogenic  variety. 
The   commoner  bacteria   found  in   the   flora   of    the   external 
genitals  and  urethra  are  merely  enumerated  in  this  connection;  but 
the  important  ones  will  be  considered  in  detail  in  connection  with 
the  flora  of  cystitis. 

I  Flora    of    Urethra    and    about     the     Meatus     Urruarius    and 

Vulva. — Bacterium  coli  commune;  Coccobacillus  liquefaciens 
urethrce;  Bacillus  urethra;  non-liquefaciens;  Leptothrix  urethras; 
Diplococcus  candidus  urethne;  Pseud ogonococcus;  Gonococcus  of 
Neisser;    Staphylococcus   ureae    liquefaciens*,    Streptococci  ^j-a- 


BACTERIOLOGY  OF  THE  GENITO-URINARY  SYSTEM.  825 


826        SURGICAL    PATHOLOGY  AND    THERAPEUTICS. 


genes;     Streptococcus     liquefaciens    urethra:;     Sarcina    urethra; 
smegma-bacillus;     tubercle-bacillus;     Bacillus   typhosi 
tococcus  pyogenes  aureus  and  albus;  Streptobacillus  antnraco* 

The  question  of  the  kind  of  infection  giving  rise  to  tin 
ulcers  and  inflammatory  processes  of  the  external  genitals  will  not 
be  considered  in  this  section. 

Bacteria  of  Cystitis.— The  bacteria  giving  rise  to«or  compVv> 
eating  cases  of  cystitis  are  as  follows:    Bacterium   coli   commune 
Streptococcus  pyogenes;  uro-bacillus  liquefaciens  septicus  { pro* 
Hauser);  bacillus  of  tuberculosis;  Bacillus  typhosus;  Diplococcv.* 
ureae  liquefaciens;  Staphylococcus  urea?  liquefaciens;  Streptob 
lus  anthracoides;  gonococcus  of  Neisser;  Staphylococcus  pyogexa 
aureus  and  albus;  diplobacillus  (Friedlander);  Bacillus  lac  tto- 

genes. 

In  all  probability,  suppurative  pr-  in   the  geuito-urim^atfy 

system  can  be  attributed  to  the  presence  of  one  or  more  of  » 
bacteria  enumerated  above;  but  not  infrequently  a  cystitis  is  foi*. 
to  give  only  a  pure  culture.  The  most  important  of  these  mic_  ur 
organisms  will  be  considered  in  some  detail. 

Bacterium  CoU  Commune. — This  bacterium  has  been  stwL 
under  a  multitude  of  names;  and   it  would  seem  to  be  with 
question  the  commonest  cause  of  cystitis.     Its  presence  is  o  —yd 

in  the  normal  intestinal  canal,  and  its  virulence  is  increased 
disease  of  that  tract.    In  health  it  is  commonly  found  on  the 
genitals.      In  cases  of  obstinate  constipation  it  may  enter  the  ci 
lation,  and  then  the  urine  via  the  kidneys;  or  it  ma)*  pass  dirt 
through  the  rectal   and   bladder  walls;  but   usually    it   read 
bladder  by  extension  up  the  urethra,  with  or  without  the 
instruments.     It  is  polymorphous;  hence  one  cause  of  confusior  :^r-n 
identification.      It  may  multiply  in  the  urin  healthy  I 

and  give  rise  to  no  trouble  ("bacteriuria").      Its  virulence  is  v 
variable;  it  is  pyogenic,  probably  decomposes  urea  v  h     mzn\\\ 

and  may    give    rise   to  septicaemia.     Unless    mixed   with   dec* 
posers  of  urea  or  after  prolonged    retention    in    rare    instanc 


! 


gives  rise  only  to  an  acid  cystitis.      A  pure  culture  is  comn 
pathogenic  property  is  enhanced   in  an  alkaline  medium.      I*.  J 
ascend  to  the  kidneys  and  give  rise  to  a  suppurative  pyelouephi 
(*'  surgical  kidney  "). 

Streptococcus  Pyogenes. — Not  such  a  common   source  of 
tion  as  the   preceding,  but   it  more  serious.     It 

pyogenic,  does  not  decompose  urea,  and  hence  in  pure  culture  i^-" 
give  rise  only  to  an  acid  cystitis.     It  commonly  causes  septicsiia^vi  i.\, 
it  penetrates   the   bladder-walls,   causing  lymphangitis,  phlehi^ 
and  even  gangrene.      Its  presence  should  suggest  greater  care^— 
the  use  of  instruments  and  caution  in  considering  the  advisabi   1 
of  operation.     Pyelonephritis  is  to  be  guarded  again  - 
coccus  pyogenes  is  the  commonest  germ  of  puerperal  septii 

Ureoaculus  Liquefaciens  Septicus  [Proteus  Mauser). — Polymer. 
phous,  and  characterized   by  the  great  energy  and  rapid:: 
which  it  decomposes  urea.     It  is  pyogenic,  and  has  the  power 
cause  a  violent  a.m\wo\\\aca\  cy^X\t\&  by  first  decomposing  tl 
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and  thus  predisposing  the  mucous  membrane  of  the  bladder  to 
own  pyogenic  action.     It  is  prone  to  cause  pyelonephritis.     It  is 
often  a  serious  complication. 

Bacillus  of  Tuberculosis. — Not  an  unusual  source  of  genito- 
urinary infection.  Pyogenic;  does  not  decompose  urea;  therefore 
gives  rise  to  an  acid  cystitis  when  found  in  pure  culture,  which 
sometimes  occurs;  but  more  commonly  it  is  associated  with  other 
micro-organ  isms,  particularly  the  Bacterium  coli  commune  and  the 
Staphylococcus  aureus.  It  does  not  grow  on  ordinary  culture- 
media;  therefore  its  identity  must  be  verified  by  inoculation-experi- 
ments. In  staining-properties  it  resembles  the  smegma-bacillus; 
but  it  differs  in  form,  size,  and  grouping. 

Its  occurrence  in  the  genito-uriuary  tract  may  be  primary  or 
secondary*.  It  is  commonly  secondary  to  foci  in  the  lungs,  first 
attacking  the  pyramids  and  pelves  of  the  kidney,  and  later  the 
bladder-walls  about  the  orifices  of  the  ureters.  In  primary  cases 
the  epididymis,  kidneys,  and  Fallopian  tubes  are  the  commoner 
seats  of  origin.  Tuberculous  cystitis  is  insidious,  runs  a  chronic 
progressive  course,  and  frequently  yields  to  no  method  of  treat- 
ment. The  urine  remains  acid,  unless  invaded  by  the  more  active 
decomposers  of  urea,  and  the  lesions  are  located  about  the  trigouum 
and  the  ureteral  orifices.  The  bladder  may  contain  bacilli  of  renal 
origin  for  a  long  period  without  any  evidence  of  cystitis.  Infection 
commonly  extends  to  the  prostate  and  the  seminal  vesicles,  but  less 
often  to  the  kidneys  than  vice  versa.  Tuberculous  cystitis  is  often 
the  first  warning  given  of  the  presence  of  tuberculosis  which  may 
have  existed  for  a  long  period  in  the  kidneys. 

The  above  characteristics  apply  to  the  chronic  variety,  and  not 
to  the  acute  miliary  type,  which  is  twice  as  common,  but  rapidly 
fatal  without  giving  rise  to  ulcerative  lesions.  The  prognosis  of 
genito-urinarv  tuberculosis  is  very  grave,  and  medicinal  and  sur- 
gical treatment  offers  but  little  encouragement  in  the  great  major- 
ity of  cases.  Like  tuberculosis  elsewhere,  it  is  more  amenable  to 
hygienic  and  climatic  treatment;  but  when  primary  in  the  epidid- 
ymis and  Fallopian  tubes  surgical  measures  offer  the  greatest 
encouragement. 

Bacillus  Typhosus, — Found  in  the  urine  in  at  least  25  per  cent, 
of  the  cases  of  typhoid  fever  during  convalescence.  Not  rarely 
associated  with  a  moderate  degree  of  nephritis,  and  occasional 
cystitis  ;  it  is  pyogenic,  docs  not  decompose  urea,  and  is  usually  in 
pure  culture;  therefore  gives  rise  to  an  acid  cystitis.  The  presence 
of  these  bacilli  in  the  urine  is  a  dangerous  source  of  infection  to 
the  community. 

Diplocoeats  Ureee  Liquefaciens  (Melchoir). — Rapidly  decom- 
poses urea  ;   probably  not  pyogenic. 

Staphylococcus  I  Yea  Liquefaciens,  —  Decomposes  urea  ;  but 
slightly  pyogenic  ;  always  associated  with  a  purulent  ammoniacal 
urine. 

Streplobacillus  Anthracoldes  (Melchoir).  —  Decomposes  urea 
►lowly  ;  non-pyogenic  ;  associated  with  an  alkaline  urine,  but 
lever  in  pure  culture. 
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■tovocats  (Neisser). — The  micro-organ  ism  of  specific  un: 
nili'LM),  necessarily  a  mixed  infection  in   the  urethra,  com- 
inonlv  so  in  the  bladder,  but  occasionally  found  iu  pure  cultur 
cystitis.     Pyogenic,  but  probably  does  not  decompose  urea.     This 

lite  commonest  cause  of  suppuration   in   the   female,  and 
quently  causes  purulent  salpingitis  and  local  peritonitis. 

Staphylococcus  Pyogenes  Aureus  and  Alius* — The  common  pas- 
producers.     Usually  associated  with  mixed  infection  in  the 
der,  which   tends  t<  in   superficial  and  compare 

They   decompose   urea,  and    they    frequent  the  urethra   in 
The  aureus  is  the  commoner,  and  looked  for  as  complicat- 

ing suppurative  processes  about  the  .  and  ab 

"  surgical  kidm 

f>if>folnieif/HS  of  Friedlander* — Common  in  diverse  suppu: 
lesions  following  pneumonia,  and  occasionally  present  iu  the  urine 
even  in  pure  culture. 

Bacillus  LacHs  Aerogenes, — Occasionally  present,  and  give 
to  gas-production  within  the  bladder.    This  may  be  the 
found  in  puerperal  emphysematous  gangrene. 

Routes  of  Invasion  of  the  Genito-urinary  System  by 
Micro-organisms. — In  general,  bacteria  reach  this  ti 
or  more  of  the  following  routes:  r.  Direct  extension  along  the 
normal  passages,  favored  or  not  by  instrumentation-  2.  Direct 
extension  through  tissues  (lymph-channels  or  direct  contact),  3. 
Hematogenic. 

External  Genitals  and  Urethra.— As  already  mentioned, 
these  localities  are  normally  the  abode  of  many  pathogenic  and 
non-pathogenic  bacteria,  and  they  are  furthermore  peculiarly  ex- 
posed to  invasion  from  external  sources  as  well  as  to  infection  con- 
tained in  urine.  The  likelihood  of  the  involvement  of  these  parts 
will  depend  upon  their  integrity  and  power  of  resistance  on  th 
one  hand,    and   the   virulence  of  the   invading  orga:  .    th 

other. 

Bladder. — Inasmuch  as  the  bladder-walls  and  urine  are  nor 
mally   sterile,    infection    must   be   conveyed    from    some   external 
source;  but  whether  such  infection  will  cause  a  cystitis  or  not  has 
been  sufficiently  considered. 

Urethral  Origin. — In   the  female,  infection  often   reaches  the 
bladder  spontaneously;    but   in   the  male    this   happens    less   fre- 
quently.     The  constrictor  urethra?  muscle  must  be  and  th 
sterile  posterior  urethra  reached,  which  is  in  one  sense  a  port  of 
the  bladder,  for  its  walls  are  directly  continuous,  with  no  barri 
of    separation.     The    introduction    of    instruments,    even    th 
Sterile  at  the  outset,  is  the  usual  mode  of  infection.     The 
ment  travels  through  a  normally  infected  urethra,  which   is  not 
generally  irrigated  before  such  introduction  ;  but,  forth  th 
ordinary  means  of  rendering  the  urethra  aseptic  are  almost  usel 
and   it   is   even   questionable  whether  this   pa!                             tiadc 
sterile  with  much  degree  of  certainty.      Probably  bacteria  are  car- 
ried into  the  bladder  with  nearly  even- instrument;  and  a   c\ 
would  be  common  it  \i  defended  solely  on   the  presence  of  an 
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exciting  cause.  However,  other  factors  must  coexist  with  such 
introduction,  as  demonstrated  by  clinical  experience.  The  passage 
of  instruments  for  urethral  complications  where  the  bladder  is 
generally  healthy  and  tonic  does  not  give  rise  to  a  cystitis  ;  but 
where  instrumentation  is  necessary  for  the  relief  of  retention,  the 
detection  of  calculit  cystoscopy,  etc.,  where  the  integrity  of  the 
bladder-wall  is  involved' — here  a  cystitis  frequently  follows  where 
previously  there  was  no  evidence  of  such.  The  causes  leading  to 
the  use  of  instruments  in  the  bladder  have  already  damaged  the 
bladder- walls,  and  demand  extreme  precaution  on  the  part  of  the 
surgeon. 

Extension  from  the  Kidney. — In  many  of  the  infectious  diseases 
bacteria  are  eliminated  by  the  kidney,  and  thus  reach  the  bladder, 
s&  shown  particularly  in  typhoid  fever,  pneumonia,  and  erysipelas. 
This  circumstance,  however,  does  not  usually  give  rise  to  a  cys- 
titis. Tuberculous  cystitis,  however,  commonly  extends  from  a 
»  tuberculous  pyelonephritis. 
Extension  from  Neighboring  Organs, — In  the  female,  inflam- 
matory disorders  of  the  pelvic  viscera  may  give  rise  to  cystitis,  and 
the  route  of  infection  is  probably  through  the  lymphatics.  In 
the  male  there  is  evidence  to  show  that  the  colon-bacillus  may 
pass  directly  through  the  walls  of  the  rectum  and  bladder  into  the 

•  urine.  Occasionally  abscesses  may  open  directly  into  the  bladder. 
Hematogenic  sources  of  cystitis  are  possible,  but  not  very  prob- 
able. 

On  account  of  the  direct  communication  of  the  bladder  and  the 
posterior  urethra  (which  are  a  single  cavity  from  a  bacteriological 
point  of  view)  with  other  organs  of  the  genito-uriuary  tract,  a  cys- 
titis or  a  posterior  urethritis  is  most  often  the  source  of  infection, 
resulting  in- acute  prostatitis,  vesiculitis,  and  epididymitis. 

Under  favorable  circumstances,  certain  varieties  of  infection  are 
prone  to  extend  from  the  bladder  to  the  kidney  without  involving 
the  ureter.  Inflammation  of  the  ureter  is  unusual,  except  at  its 
extremities  in  tubercular  processes,  and  along  its  course  during  the 
passage  of  calculi. 

»  Kidney.— The  hematogenic  sources  of  inflammatory  processes 
in  the  kidney  are  common,  consequent  on  the  direct  invasion  of 
the  micro-organism,  and  perhaps  aggravated  by  their  toxic 
products. 

It  is  open  to  question  whether  micro-organisms  can  pass  through 
a  perfectly  healthy  kidney;  but  when  its  nutrition  is  disturbed 
they  pass  readily  from  the  blood  into  the  urine. 

'The  nephritis  accompanying  the  infectious  diseases  offers  many 
examples:  erysipelas,  pneumonia,  typhoid  fever,  streptococcus-  and 
staphylcoccus-infection,  and  probably  scarlet  fever  and  diphtheria. 
Tubercle-bacilli  reach  the  kidney  through  the  blood  generally  from 

»foci  elsewhere. 
Under  certain  circumstances  a   cystitis   may   be   a   dangerous 
source  of  infection. 
^1     In  chronic  cases  of  cystitis  in  elderly  subjects,  particularly  when 
associated  with  prostatic  or  urethral  obstrucAiovi  c«  ctew^viaNftkNs^ 
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calculi,  inflammation  is  prone  to  extend  to  the  kidneys.  Retention 
of  urine,  with  consequent  dilatation  of  bladder,  ureters,  and  pelvis 
of  the  kidney,  is  a  dangerous  complication,  and  demands  the 
greatest  care  with  instruments  and  the  strictest  asepsis.  A  suppu- 
rative pyelonephritis  may  result,  known  as  M surgical  kidney," 
which  is  not  only  serious  to  life,  but  it  is  also  probable  that  th« 
kidney  never  ceases  to  produce  pus  when  once  thoroughly  infected. 
One  kidney  may  become  infected  from  below,  and  the  other 
secondarily  through  the  blood. 

Direct  extension  to  the  kidneys  from  neighboring  organs  is  rare. 
Perinephritis  is  generally  secondary  to  inflammation  in  the  kidney. 

Prophylaxis    and    Treatment. — For    the   most    part,    only 
questions  will  be  considered  as  pertain   to   the  bacteriology   of  the 
subject. 

Preparation  of  the  Field  of  Operation . — If   we   are    una' 
remove  micro-organisms  from  the  field  of  operation,    then  the: 
must  always  remain  a  certain  degree  of  danger  accompany  ir 
use   of  instruments.     The   question  of  asepsis   is  determine*! 
bacteriological  examinations;   and  these  show  that   the   ord:; 
routine  of  preparation  of    the    external  genitals  is  far  from  what 
could  be  desired.      Furthermore,  it  is  questionable  whether  wi 
sterilize  these  parts   with   any  oi  certainty   by    in;,    kno 

methods,  particularly  without  resulting  in  injury  which  ma 
predispose   the   parts  to  later  infection.       Most   of  the  ant: 
that  are  found  to  be  reliable  on  cutaneous  surfaces  are  too  irritating 
when   used  profusely  and  in  sufficient  concentration  on  mucous 
membranes. 

Vicinity  of    Meatus    Urinarius^     {'retina,    Bladder* — -For  t". 
of  instruments,   the  penis,   including   the  glans  and   | 
puce,  should  be  washed  carefully  with  green  soap  and  warm  water, 
and   then   rinsed  with  sterile  water.     Then  wash  the  same   wi1 
solution    of  corrosive   sublimate,  i  :  30OO,    and    rinse    with   sterile 
water  or  a  saturated  boric-acid  solution  (boric  acid,  so  com mo 
used,  is  practically  valueless  as  a  germicide).      Protect  the  r 
with  sterile  towels.     If  possible,  the  patient  shi  unnate 

just  previous  to  the  above  preparation;  and  it  is  pri  5e  to 

defer  t!i  e  of  an  instrument  into  the  urethra  until  the  latt 

has  been  flushed  by  the  stream  of  urine,  provided  that  si;. 
is  possible  and  is  not  contraindicated. 

From  the  fact  that  the  urethra  is  always  the  li 
Liiisuis.  it  would  seem  that  we  ought  t 
but  the  usual  antiseptic  solutions  are  too  irri! 
rather  than  good  is  apt  to  follow.     The  best  rests 
from    prolonged    copious    irrigations  with    a   saturated  b 
solution,  the  action  of  which  is  mechanical   rather  than  ai 
but  the  great  obstacle  to  this  is  the  fact  that  it  is  V. 
practicable  in  a  large  clinic. 

Urethral  irrigation,  however,  should  be  made  use  of  in  selected 
cases  in  which  extreme  caution  is  demand! 

The  bladder  will  need  no  preparation  unless  it  is  already  the 
seat  of  inflammation.     Previous  to  operation  on  this  organ,   it 
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well  to  irrigate  its  walls  with  boric-acid  solution  or  Thiersch  solu- 
tion (ac,  salicylatis,  3ss;  ac.  borici,  3iiiss;  warm  water,  Oij), 
the  latter  being  valuable  in  removing  the  mucus.  It  is  impossible 
to  remove  the  micro-organisms  imbedded  in  the  bladder-wall.  As 
a  prophylactic  after  the  passage  of  instruments  through  a  morbid 
urethra  into  a  healthy  bladder,  a  solution  of  argentum  nitratis, 
I  :  1000,  may  be  injected  into  the  bladder  and  allowed  to  remain 
about  five  minutes;  then  this  is  to  be  withdrawn  and  the  bladder 
rinsed  with  boric-acid  solution. 

Scrupulous  cleanliness  should  be  exercised  in  relieving  acute 
and  chronic  retention,  and  the  volume  of  urine  gradually  reduced, 
as  is  customary  in  chronic  cases. 

In  all  manipulations  the  greatest  care  should  be  used  to  avoid 
trauma.  Unnecessary  instrumentation  is  harmful.  It  is  obvious 
that  the  hands  of  the  operator  should  be  clean.  Enough  lias  been 
said  to  show  that  certain  cases  are  more  susceptible  to  infection 
than  others;  nevertheless,  this  should  be  no  excuse  for  careless- 
ness in  detail  in  any  case. 

Vulva  and  Vagina, — The  vagina  is  the  first  of  a  series  of  pas- 
sages of  communication  between  the  exterior  and  the  peritoneal 
cavity  which  nature  carefully  and  successfully  guards  against  the 
entrance  of  pathogenic  bacteria  unless  certain  conditions  are  over- 
borne.     These  safeguards  in  the  vagina  are  principally  contact  and 
integrity  of  its  walls  throughout,  secretion  of  an  acid  mucus,  and 
the  presence  of  bacteria  which  may  inhibit  the  action  of  noxious 
fjenns.     For  obvious  reasons,  our  present  methods  cannot  be  relied 
iipon  to  render  these  parts  strictly  aseptic,  and  the  use  of  powerful 
ntiseptics  is  contraiudicated. 
Preparation  <>f  !  'ag-i'na  ami  1  rulva. — All  hair  should  be  shaven 
.and    the   parts,    including  abdomen,    buttocks,  and  thighs,  most 
•thoroughly  washed  with  green  soap  and  warm  water,   for  this  is 
probably  the  most  important   step   in   the  preparation.     All   folds 
should  be  carefully  cleansed,  and  the  fingers  and  speculum  used  to 
expose  thoroughly  all  parts  of   the   vagina.      Instead   of  a   hard 
"bristle  brush   for  this  delicate  membrane,  pledgets  of  cotton  on 
forceps    can    be   used    somewhat  vigorously,    in   order  to    remove 
mechanically  all  loose  particles.     Rinse  with  sterile  water.     The 
cutaneous  surfaces  are  now  to  be  prepared  in  the  usual  manner 
with  potassium  permanganate,  etc. ;  but  this  is  probably  too  harsh 
for  the  vagina.      After  the  soap  and  water  have  been  washed  out,  a 
warm     corrosive-sublimate     douche   (1:2000)    should    be    given, 
followed  by  one  of  sterile  water  or  creolin.     If  the  uterus  is  already 
infected,  preliminary  curetting  and  local  treatment  may  be  neces- 
sary. 

Rectum  and  Anal  Canal. — On  account  of  the  proximity  of 
these  parts  to  the  female  genitals,  it  is  often  well  to  render  them  is 
aseptic  as  practicable.  As  a  preliminary  step,  the  bowels  should 
be  thoroughly  evacuated  by  cathartics,  and  then  the  rectum  pro- 
fusely irrigated  with  high  suds-enemata,  followed  by  clean 
enemata  of  boric  acid,  Thiersch  solution,  or  sterile  water.  The 
folds  leading  to  the  anal  canal  should   be  carefully   separated  and 
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washed  with  green  soap  and  water,  using  pledgets  oi 
followed  by  the  usual  cutaneous  disinfectants  about  the  anus. 
eparatien  of  Instruments* — Metallic  instruments  and 
rubber  catheters  should  be  boiled  or  steamed.  Woven  inst: 
should  be  used  as  little  as  possible,  on  account  of  the  difficulty  \\ 
making  them  sterile  ;  but  sometimes  they  are  invaluable  fiq 
should  be  carefully  washed  with  soap  and  water,  both  before  a« 
after  use,  and,  in  addition,  they  may  be  immersed  ill  a  solution  of 
corrosive  sublimate,  1  :  1000,  and  then  thoroughly  rinsed  in  stcru 
wat 

It  is  repeated  here  that  care  in  avoiding  trauma  is  a  matter  ot 
the  greatest  importance, 

Metallic  instruments  should  be  warm  when  introduced,  unles 
the  patient  is  under  the  influence  of  an  anaesthetic 

Lubricants. — Sterile  glycerine  should  be  used  in  cases  in  whic 
local   applications  are   to  be   made,  on   account   of   its  solubihti 
Sterile  olive  oil  or  liquid  vaseline  will  serve  the  purpose  i. 
instances. 

Local  Applications.— Local  applications  may  be  of  value  eith 
for  their  destructive  action  on  micro-organisms  or  for  some  spec: 
action  on  the  mucous  membrane.  The  list  of  local  remedies  i 
the  various  geni  to-urinary  diseases  iu  mminierable  ;  some  of  the 
drugs  are  of  real  germicidal  value,  others  serve  to  decrease  t 
amount  of  pus-formation,  and  some  are  only  astri- 

As  a  general  rule,  local  applications  are  contraiud idled  in  t 
early  stage  of  acute  inflammation  of  the  mucous  mem  bran 
meanwhile  diluents  and  carminatives  may  be  administered  itlti 
uallv.  As  the  acute  inflammation  subsides,  then  local  applicatwi 
may  be  made  use  of,  particularly  for  germicidal  purposes;  and  1 
still  later  stages  astringents  will  be  more  serviceable-  There 
but  little  danger  attending  the  use  of  vaginal  douches,  win 
should  be  given  warm  and  in  copious  amounts  while  the  pa  tic 
is  recumbent,  with  the  hips  elevated,  A  fountain-syringe  will 
found  most  useful. 

Injections  into  the  male  urethra  in  cases  of  gonorrhoea  shou 
be  administered   only  after  the  patient  has   urinated.     Aborti 
injections  in  acute  gonorrhoea  are  rarely  efficacious  after  the  gon 
coccus  has  penetrated  the  mucous  membrane  and  the  exudate 
purulent.     As  the  acute  symptoms  subside  the  local  injection 
be  used:  first,  with  the  idea  of  destroying  as  many  baci 
sible,  and,  later  on  in  the  course  of  the  infection,  in  order  to 
as  an  astringent     A  blunt-pointed  syringe  should  be  used,  so 
not  to  enter  the  urethra  and  injure  the  mucous  membrane;  and 
force  of  the  injection  should  be  moderate,  but  at  the  same  tiro 
sufficient  to  dilate   the  canal  and  obliterate  all  folds.      The  gr« 
danger  in  the  use  of  injections  in  the  male  urethra  is  the  '. 
of  spreading  the  infection  to  deeper  parts,  and  thus  canain 
complications  as  folliculitis  and  posterior  urethritis. 

Injections  intended  for  the  posterior  urethra  (prostatic  porti« 
are  administered  by  means  of  a  soft-rubber  catheter  01 
syringe.     In  certain  cases,  concentrated  solutions  of  silver  nit 
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(i  per  cent-  to  5  per  cent.)  in  very  small  amounts  may  be  useful; 
but  they  demand  precision  and  care.  Copious  irrigations  with 
very  mild  germicides  or  astringents  are  often  of  greater  service; 
and  are  applied  to  the  whole  length  of  the  urethra,  first  irrigating 
the  anterior  and  then  the  posterior  urethra  from  behind  forward  as 
the  catheter  is  slowly  withdrawn,  pausing  for  a  moment  at  the 
constrictor  muscle,  SO  that  the  stream  will  flow  both  toward  the 
bladder  and  out  the  external  meatus. 

Posterior  irrigations  demand  great  care,  for  they  are  frequently 
the  cause  of  extending  the  inflammation  to  the  prostate  gland, 
seminal  vesicles,  epididymis,  and  bladder.  The  onset  of  these 
complications  demands  the  immediate  cessation  of  all  local  treat- 
ment. 

Acute  cystitis  calls  for  general  treatment  by  means  of  diluents 
and  sedatives.  Chronic  cystitis  is  usually  benefited  by  local  irriga- 
tion— depending,  however,  on  the  variety  of  the  infection,  lor 
tuberculous  cystitis  is  apt  to  be  aggravated  thereby.  For  germi- 
cidal purposes  the  silver-nitrate  solutions  (1  :  3000  to  1  :  1000)  give 
the  best  results  ;  but,  nevertheless,  the  boric-acid  solutions  are  fre- 
quently very  effective  in  diminishing  the  amount  of  pus.  In  cer- 
tain chronic  cases  daily  irrigations  are  necessary  for  the  comfort 
>f  the  patient,  and  these  can  often  be  performed  by  the  patient 
limsetf. 

The  most  important  drugs  for  local  applications  are  as  follows  : 

.  trg&Uum  Nitratis, — Silver  nitrate  would  seem  to  be  the  sov- 
rei^u  local  remedy  as  a  germicide  for  the  gen i to-urinary  tract;  and 
He  inorganic  salt  would  seem  to  be  preferable  to  its  various  organic 
erivatives.  Its  prophylactic  value  against  cystitis  has  been  sug- 
gested. Its  action  is  marked  on  all  the  pathogenic  bacteria,  in- 
luding  the  gonococci,  except  the  bacillus  of  tuberculosis,  where 
ts  use  has  been  of  practically  little  avail.  It  should  be  used  in 
olutions  varying  from  1  13000  to  1  :50c,  according  to  circum- 
tances. 

Potassium  Permanganate. — Solutions  of  1  :  2000  to  1  :  1000  are 
"requently  of  great  value. 

Corrosive  Sttofi)nate. — A  powerful  germicide,  which  must  be 
used  with  care  on  the  mucous  membranes  of  the  urethra  and 
bladder,  where  a  strength  of  1  :  ioTooo  should  not  be  exceeded. 
It  sboxtld  be  washed  out  with  sterile  water  or  boric  acid,  in  order 
to  prevent  absorption  into  the  system. 

Boric  acid  does  not  possess  germicidal  properties  of  anv  value; 
but  it  is  a  very  valuable  aseptic  wash  which  does  not  injure  the 
mucous  membranes,  and  has  in  a  certain  measure  an  antiseptic 
action  in  the  suppurative  processes  to  which  they  are  subject.  It 
is  a  very  valuable  drug  for  local  use  in  the  bladder,  and  should  be 
prepared  as  a  warn  saturated  solution  (4  per  cent.). 

Thiersch  Solution  is  of  value  on  account  of  its  power  of  ren 
ing  mucus  and  the  germicidal  property  of  salicylic  acid  (its  formula 
is  given  on  page  831 1. 

Salt'Soluiion  is  always  to  be  obtained  and  is  easily  prepared.     It 
is  a  good  solvent  for  mucus,  and  therefore  it  is  efficient  in  cleansing 
II 
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the  bladder- walls.     Its  strength  should  vary  from  that  of  the 
solution  (0.6  per  cent. )  to  about  12  per  c 

Forptaldehydi  may  prove  to  be  a  germicide  of  local  1 
it  is  still  in  its  trial  stage. 

Interna!  Medication. — There  are  numerous  drugs  which  act  a 
astringents  when  eliminated  by  the  kidneys;  but  laboral 
ments  show  that   none   is   actively  germicidal — except,   perup 
urotropine — in     cases    of    the    typhoid    bacillus, 
internal  medication  is  of  inestimable  value  for  the  iuflaim 
disorders  of  the  urinary  system. 

Balsams, — Sandal-oil  and  copaiba    are  invaluable   ii 
gonorrheal  infection,  and  sometimes  in  other  varieties  of  in1 
The  oleum  santali   is   best  administered   in    io-fmnin 
giving  one  or  two  after  each  meal.     Copaiba  is  more  coi 
administered  in  conjunction  with  other  drugs,  particul 
oil,  cubebs,  and  salol,  combined  in  one  capsule.     Both  dn 
uncommonly  interfere  with  digestion,  and  copaiba  may 
too  strong  an  irritant  to  the  kidneys,  and  may  give  rise  to  an 
extensive  erythema,  which  often  alarms  the  patient. 

Bi  is  eliminated  as  such  by  the  kidneys,  and  decreases 

the  suppuration  in  chronic  cystitis;  it  is  administered  in   xo-grain 
doses  in  a  tumbler  of  water  three  times  a  da> . 

Salol  is  one  of  the  most  useful  of  all  the  internal  remedies  for 
.suppurative  processes  in  the  urinary  system.      It   is  tx 
tered  in  pill  or  tablet  form,  giving  5  to  10  grains  three  ti 
after  meals. 

Sodium  bemoatey  in  20-grain  doses  with  plenty  of  water,  may  be 
administered  with  benefit. 

Urotropine  is  a  new  drug  which  seems  to  have  a  specific  action 
in    destroying    the    Bacillus   typhosus,    and   favorable 
reported  in  other  varieties  of  infection;  but  it  is  too  early  lo  draw 
definite  conclusions.      It  is  administered  in  water  in  20-  to  30-grain 
divided  doses  in  twenty- four  hours. 

It  has  been  shown  that  local   irrigations  with  large  quantities  of 
sterile  or  mildly  antiseptic  solutions  are  of  great  value  on  11 
of  their  mechanical  action.      The  same  principle  is  n. 
internally  by  drinking  large  quantities  of  water,    particula; 
suppurative  processes  in  the  kidney. 


V,    BACTERIOLOGY  OF  PERITONITIS. 

Peritonitis,   localized  or  general,  is   always  caused   by  ' 
invasion.     It  may  be  suspected  that  there  are  cases 
the  causative  organisms  of  which  cannot  be  isolated  by  our  | 
culture-methods;   and    there  is   no  question  th 
infections  are  so  virulent  that  death  results  so  promptly  u 
of  the  usual  signs  of  peritonitis  is  evident  post-n 

All  the  forms  of  pyogenic  cocci  have  been  found  in  the  exudi- 


tion  of  peritonitis.  The  streptococcus  is  the  organism  most  to  be 
dreaded,  although  under  certain  conditions  the  colon  bacillus  may- 
be possessed  of  equal  primary  virulence.  The  Staphylococcus  albus 
is  least  virulent;  and  this  organism,  as  also  the  citreus  and  the 
aureus,  is  often  found  in  association  with  colon  bacilli  or  strepto- 
cocci.     At  times  the  aureus  may  cause  a  very  virulent  peritonitis. 

The  colon  bacillus  aud  its  kindred,  the  Bacillus  lactis  aerogenes 
and  the  Bacillus  fcetidus  (for  these  two  are  admitted  to  be  practically 
identical  with  the  colon-bacillus),  are  not  as  yet  entirely  beyond 
dispute  as  causative  agents  of  peritonitis. 

It  may  be  that  the  colon  bacillus  is  the  vigorous,  highly  resist- 
ant organism  that  overgrows  the  causative  germs,  the  absorption 
of  which  is  already  causing  toxaemia.  In  general  peritonitis  from 
perforation  of  a  typhoid  ulcer  the  typhoid  bacillus  has  never  been 
found;  but  in  most  of  the  cases  colon  bacilli  have  predominated,  in 
others  pyogenic  cocci.  Klein  found  typhoid  bacilli  in  the  pus  of  a 
localized  peritonitis  after  typhoid.  Korte  found  typhoid  bacilli  in 
a  case  of  general  peritonitis  originating  from  a  suppurating  mesen- 
teric gland  in  the  course  of  typhoid  fever,  but  not  from  intestinal 
perforation.  This  is  of  certain  significance  as  supporting  the 
theory  that  in  peritonitis  from  intestinal  perforation  the  causative 
germs  may  be  overgrown  by  the  other  bacteria  of  the  intestinal 
canal.  Recent  observers,  however,  are  united  in  deciding  thai  in 
many  cases  the  colon  bacillus  is  possessed  of  great  primary  viru- 
lence. 

Biting  and  Calvert,  in  a  study  of  perforative  peritonitis  in  dogs, 
found  that  the  intense  hemorrhagic  peritonitis  present  in  all  ca 
gave  definite  bacteriological  results  in  20  cases  out  of  22.  In 
18  cases  members  of  the  colon-group  were  found,  4  times  alone, 
and  14  times  in  association;  streptococci  once  alone,  and  7  times  in 
association.  Staphylococcus  albus  was  found  in  5  cases,  but 
never  alone;  Staphylococcus  aureus  once  alone,  and  3  times  in  com- 
bination. In  these  cases  cultures  were  made  in  from  six  to  twenty 
hours  after  perforation,  and  the  colon-bacillus  was  the  predominant 
organism. 

Orlowski  of  St.  Petersburg  has  furnished  the  most  recent  work 
on  this  bacillus.  He  isolated  11  varieties,  and  found  the  most 
virulent  to  be  what  he  calls  the  "ground  type,1*  farthest  from  the 
typhoid  bacillus  in  its  characteristics.  He  found  a  constant  rela- 
tion between  the  virulence  of  these  varieties,  experimentally,  and 
[heir  power  of  milk-coagulation.  Injections  of  the  sterilized 
toxins  always  caused  prostration  and  diarrhoea — not  always  death. 
Injections  of  living  cultures,  as  well  as  the  sterile  toxins,  into  the 
peritoneal  cavities  of  dogs  or  guinea-pigs  always  caused  peritonitis. 

The  pneumococcus  can  cause  peritonitis.  This  infection  may 
)ccur  without  the  association  of  pneumonia.  It  is  undoubtedly  1 
•are  infection,  but  may  be  extremely  virulent.  Morisse  collected 
J  cases  in  which  it  was  the  only  organism  found.  Rosthorn,  in 
[895,   reported    3    cases.      Hartman    and    Morax   report   2   casi 

mond,  in   1895,  collected  6  cases,      Flexner  reported  2  cases, 
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both   fatal.     Cases   have  been    reported    by    Barbacci,     Frankel, 
Sevestre,  Netter,  Gail  lard,  Wright  and  Stokes,  and  Dtfe 

The  Bacillus  pyocyaneus  is  not  infrequently  found  in  association 
with  other  bacteria.       It  may   increase   the  virulence   of 
infection  from  intestinal  perforatum. 

Gonococci  alone  can  cause  peritonitis.     There  is,  howew 
ference  of  opinion  on  this  point.      RfcCofih   reported  a  case  of  so* 
called  gouorrhceal  peritonitis  in  the  male  in  which  the  cause 
rupture  of  a  periprostatic  abscess.     In  this  article  he  collect- 
additional  cases  of  gouorrhceal  peritonitis  from  literature.    Ill  T 
cases  there  are  no  bacteriological  examinations  reported, 
must  infer  that  the  peritonitis  was  due  to  mixed    infect! 
pyogenic  organisms.      Von  Winckel  speaks  of  gonorrhoea!  pt- 
nitis,   but  does  not  report  any  cases  of  peritoneal   infect: 
gonococci.      Gushing   has  reported   2  of  diffuse  peritonitis 

in  which  the  gonococcus  was  the  only  organism   found. 

The  Bacillus  aerogenes  capsulatus  has  been  found  iu  a  few  cases 
of  perforative    peritonitis.      It  is  not  pyogenic  alone,   but  in 
presence  of  pyogenic  organisms  may  be  the  main  cause  of  d 

A  very  rare  form  of  peritonitis  is  caused  by  infection  b 
Bacillus  proteus  vulgaris.  Only  1  case  lias  been  found— that 
reported  by  Flexner  of  Johns  Hopkins  University.  This  is  the 
putrefactive  organism  found  post-mortem  in  great  numbers;  but 
under  normal  conditions  it  is  not  pathogenic  to  man.  This  case 
was  most  carefully  studied  by  Flexner,  and  he  seems  to  pi 
beyond  reasonable  doubt  that  the  infection  was  primary,  and  not  a 
post-mortem  invasion. 

Infection   with  any  of  the  enumerated   organisms  will  c 
peritonitis  of  varying  intensity  and  character,  either  local  or  gen- 
eral.     The  anatomico-pathological  varieties  have  l>een  best  c? 
fied  by  Pawlosky  : 

1.  An  extremely  toxic  variety,  the  "mycotica/'  in  w 
death  may  occur  before  reactive  inflammation  takes  place  OB  the 
peritoneal  surfaces.  In  some  cases  the  peritoneum  may  be  covered 
with  a  slimy  fluid  containing  a  few  blood-corpuscles,  small  flake* 
of  fibrin,  and  many  bacteria.  There  is  no  doubt  that  cases  of  such 
virulent  infection  occur  that  death  results  in  a  few  hours,  with  all 
the  symptoms  of  shock. 

2.  An  infection  of  great  virulence  is  also  manifest  in  the  h 
orrhagic  form,   characterized  by  hemorrhagic   extrav  and 
ecchytnoses  on  the  peritoneal  surfaces  of  varying  ext 
intestinal  coils  markedly  injected  and  distended*,  by  a  thin,  brown- 
ish fluid  exudation  in  which  are  pus-corpuscles  and  masses  of  bac- 
teria and  fibrin,  and  by  fibrin-flakes  on  the  p<                ni.     Tli 
the  common  form  met  with  in  intestinal  perforation. 

3.  Fibrinopurulent  and  seropurulent  peritonitis,   charactcri/ed 
by  a  thin,   seropurulent  exudation   with    flakes  of  fibrin    flo 
through  itt  and  masses  of  fibrin  on  the  peritoneal  snrJ 

form  is  the  first  stage  (according  to  Pawlowskvi  of  purulent  }■■ 
nitis.     The  seropurulent  fluid  is  made  up  chiefly  of  pus-corpuscles 
and  bacteria. 


4.  Purulent  peritonitis — a  form  characterized  by  an  abundant 
purulent  exudation  of  varying  consistence. 

These  forms  must  run  together  to  a  great  extent  ;  no  sharp 
division  is  possible.  The  kind  of  peritonitis  met  with  will  depend 
upon  the  kiud  of  infection,  its  amount  and  virulence,  and  upon 
the  intraperitoneal  and  systemic  conditions  in  each  case. 

The  less  serious  forms  of  peritonitis  are  the  fibrinopurulent  and 
the  purulent  ;  the  most  virulent,  the  hemorrhagic  forms.  The 
purulent  forms  are  of  longer  duration,  and  may  be  caused  by  less 
virulent  organisms  or  by  smaller  amounts  of  infection. 

Streptococci,  colon-bacilli,  and  pueumococci  are  the  organisms 
usually  causing  the  rapidly  fatal  and  hemorrhagic  forms  ;  but  they 
may,  under  certain  conditions  of  virulence,  amount,  or  tissue- 
resistance,  cause  the  less  fulminating  and  slower  forms.  Con- 
versely, while  under  usual  conditions  staphylococci  may  be 
expected  to  cause  the  less  fulminating  variety,  they  may,  and 
especially  the  aureus,  under  changed  conditions,  cause  the  rapidly 
fatal  types. 

Under  abnormal  conditions,  bacteria  possessed  of  little  or  no 
pathogenic  power  may  cause  a  rapidly  fatal  peritonitis.  In  any 
condition  where  the  fluids  of  the  body  depart  from  normal,  where 
the  vital  resistance  of  the  tissues  is  lessened  and  the  peritoneum 
Samaged,  an  infection  usually  of  lesser  amount  may  cause  the 
gravest  clinical  picture.  Such  conditions  are  especially  chronic 
renal  or  hepatic  disease,  with  or  without  ascites. 

Perforation  of  the  intestine  is  the  commonest  cause  of  the 
■apidly  fatal  hemorrhagic  forms  of  peritonitis  ;  yet  in  intestinal 
>erforation  any  form  of  peritonitis  may  be  found. 

The  serofibrinous,  fibrinopurulent,  and  purulent  forms  are  dif- 
erent  stages  of  a  milder  infection.  In  these  forms  operation  is 
nost  favorable,  for  the  fatal  issue  from  toxaemia  is  delayed.  In 
some  of  these  cases  the  fluid  exudation  will  be  found  sterile  at  the 
:ime  of  the  operation.  This  does  not  mean  that  the  process  was 
in  aseptic  one  from  the  start.  The  life  of  bacteria  in  the  fluid 
exudation  is  frequently  self-limited,  and  active  organisms  have 
been  found  in  the  fibrin-masses  on  the  parietal  peritoneum  when 
cultures  from  the  fluid  exudation  gave  no  growth.  The  fact  that 
no  culture-growth  can  be  obtained  is  no  proof  that  the  individual 
may  not  have  received  previously  enough  sepsis  to  cause  death. 
Sterile  cultures  are  favorable  prognostically,  but  they  do  not  alter 
the  fact  that  bacterial  infection  existed  ;  neither  do  they  influence 
methods  of  operation. 

A  knowledge  of  the  histology  of  the  normal  peritoneum,  and 
how  fluids  and  solid  particles  are  taken  into  the  lymph-  and  blood- 
sy  stems,  is  of  the  utmost  importance  to  the  abdominal  surgeon;  and 
a  clear  understanding  of  the  changed  conditions  in  a  general  or 
local  peritoneal  infection  is  of  great  moment  in  the  surgical  treat- 
ment of  peritonitis. 

Muscatello,  in  1895,  reviewed  all  preceding  study  of  the  normal 
?ritoneuni  anil  its  absorptive  channels,  and  his  work  has  been  of 
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extreme  service  to  abdominal  surgeons.     All  careful  investigator* 
are  agreed  upon  the  following  points  : 

■'.■rptioii  of  fluids  by  the  peritoneum  is  enom 
an  hour  it  will  take  up  from  3  to  8  per  cent,  of  the  body-wc; 
but  under  the  influence  of  toxic  or  irritant  substances  an  equal 
transudation  into  the  peritoneal  cavity  nun  take  place. 

2.  Over   the   centrum   tendinosuui   of  the   diaphragm,  he' 
the  connective-tissue  fibers  in  the  diaphragmatic  peritoneum, 
spaces  are  situated,  measuring  from   4  to   16  inillinicL  to  { 
inch)  in  diameter,  and  grouped  in  collections  of  fift> 

These  lymph-spaces  exist  nowhere  else  in  the  peritoneum, 
through  them  the  greatest  absorption  of  both  fluids  and  ;- 
tides  takes  place.     Fluids  may  pass  through  the  endothelial : 
many  places,  but  the  solid  particles  are  absorbed  only   by  these 
lymph-spaces  in  the  diaphragm. 

3.  Minute  solid  particles  are  carried  from  the  peritoneal  cavity 
through  the  diaphragm  into  the  mediastinal  lymph-vessels  and 
glands,  and  thence  into  the  blood-circulation,  by  which   thc> 
distributed  to  the  abdominal  organs,  to  appear  later  in  the  eoi 
jug  lymph-glands  of  these  organs.     Larger  sterile  solid  bodies  are 
partly  absorbed,  and  the  remainder  encapsulated. 

4.  The  leukocytes  are  largely  the  bearers  of  foreign  bodies  front 
the  peritoneal  cavity  into  the  mediastinal  lymph-glands. 

5.  There  is  normally  a  force  or  current  in  the  peritoneal  cavity 
which  carries  fluids  and  foreign   particles  from   the  pelvis  to 

the  diaphragm,  regardless  of  the  posture  of  the  animal   (tfaoi 
gravity  may  favor  or  retard   the  current  greatly). 

Muscatello  used  carmine  granules  suspended  in  solution,  in  his 
experiments;  and  his  work  proves  that  bacteria  and  all   solid  par- 
ticles gain  entrance  to  the  system  only  through  the  lymph-chan- 
nels of  the  diaphragm  and  the  mediastinal  glands.      This  ab~ 
tion  by  the  normal  peritoneum  is  nature's  safeguard  *teri- 

tonitis.     Colonies  of  bacteria  are  foreign  particles  that  $ 
by  these  lymph-spaces,  just  as  the  carmine  particles  in  Muscatel 
experiments  ;   but  the  absorption  of  bacteria  has  definite  limit  - 
will  be  seen. 

It  is  well  known  that  certain  amounts  of  bacteria  will  be  t 
care  of  by  the  peritoneum  without  peritonitis,  if  the  peritoncrn 
normal  structural ly  when  the  infection  is  introduced.     The  ah. 
to  remove  bacteria  and  their  products  depends  upon  the  kind  and 
amount  of  infection,  upon  the  systemic  condition  of  tl^ 
upon  the  integrity  of  the  peritoneum.  Upon  the  nnobstrtH 
dition  of  the  diaphragmatic  openings,  and  upon   the  or 

absence  of  culture-media  in  the  peritoneal  cavity. 

The  experimental  work   of  Wagner,  Grav 
Reichel,   Orth,    Waterhouse,  and  Halsted,  from    1 
practically  harmonious  in  these  conclusions,  and   is  of  p 
terest.     The  early  experiments  dealt  exclusively  \\ 
germs — the  staphylococcus  group*  especiall 
Cobbett   ami    Mel  some    performed    some    interesting  and  I 
intraperitoneal  experiments  with  streptococci. 


Washburn,  in  1895,  experimented  with  the  pneumococcus.  One 
of  his  important  points  is,  that  death  may  result  from  toxaemia 
after  intraperitoneal  injections,  and  yet  but  slight  signs  of  perito- 
nitis be  present. 

Askanazy,  in  1897,  experimented  on  the  introduction  of  the  con- 
tents of  the  intestinal  canal,  and  Orlowski  on  the  injections  of 
colon-bacilli,   as  has  been  noted. 

A  study  of  the  work  of  these  men  is  very  interesting,  but  the 
conclusions  of  all  can  be  thus  briefly  stated  : 

1.  Normally  the  peritoneum  can  dispose  of  bacteria  in  varying 
amounts,  depending  on  the  virulence  of  the  organism,  without 
producing  peritonitis;  and  the  less  the  absorption  from  the  peri- 
toneal cavity  the  greater  the  danger  of  infection. 

2.  Death  may  result  from  general  septicaemia,  and  not  peri- 
tonitis, where  large  quantities  of  bacteria  or  bacteria  of  special 
virulence  are  taken  up  by  the  lymph -channels. 

4,  Irritant  material  or  trauma  which  destroys  or  injures  the 
peritoneal  surface,  even  in  limited  area,  prepares  a  place  for  lodg- 
ment of  germs  which  may  be  the  starting-point  of  peritonitis. 

4.  Stagnation  of  degenerated  fluid  in  dead  spaces  favors  the 
growth  of  organisms,  and  the  presence  of  infected  blood-clots  is 
especially  liable  to  cause  a  virulent  peritonitis. 

5.  Injury  to  the  abdominal  viscera,  as  strangulation  of  an  intes- 
tine, constriction  and  ligature  of  larger  areas  of  tissues  in  the 
preseuce  of  pyogenic  organisms,  will  almost  certainly  be  followed 
by  peritonitis. 

It  has  therefore  been  proved  that  the  normal  peritoneum,  when 
unhampered  by  artificial  conditions  (as  blood-clots,  irritants,  and 
trauma),  can  certainly  dispose  of  certain  amounts  of  pyogenic 
infection;  but  in  direct  opposition  is  the  abnormal  condition  of  the 
peritoneum  in  general  septic  peritonitis  or  in  severe  local  peritonitis. 

In  general  peritonitis  or  severe  local  inflammatory  conditions  of 
the  peritoneum  the  lymph-channels  of  the  diaphragm  are  com- 
pletely choked  by  masses  of  bacteria,  free  and  enclosed  in 
leukocytes;  these,  by  their  mechanical  obstruction,  and  also  In- 
setting up  inflammation  in  surrounding  tissues,  effectually  prevent 
absorption,  Pawlowsky  has  shown  that  this  obstructed  condition 
of  the  lymph-channels  always  occurs,  and  has  illustrated  it  very 
beautifully  in  a  series  of  plates.  Just  as  in  Muscatello's  experi- 
ments the  absorbing  channels  of  the  peritoneum  were  filled  with 
carmine  granules,  so  in  Pawlowsky's  they  were  choked  with 
bacteria  and  debris.  This  obstructed  condition  of  these  all-impor- 
tant absorbing  channels  occurs  very  early. 

Clark  of  Johns  Hopkins  University,  accepting  the  facts  of 
absorption  and  disposal  of  small  amounts  of  infection  by  the 
normal  peritoneum,  reasoned  that  the  slight  infection  occurring  in 
the  course  of  abdominal  operations,  such  as  contamination  with 
pus  or  blood  or  septic  fluids,  would  be  taken  care  of  by  the  absorp- 
tive channels  of  the  peritoneum  better  than  by  intraperitoneal 
drainage.  He  maintained  that  drainage  was  used  far  too  often, 
and  that  the  normal  peritoneum  could  take  care  of  moderate  con- 
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tamination,  if  given  favorable  conditions,  without  drainage.  The 
method  advised  by  him  for  operations  in  which  there  had  been 
septic  contamination  of  a  previously  normal  peritoneum,  or  where 
raw  and  oozing  surfaces  were  to  be  left,  was  to  wash  out  tht 
abdominal  cavity  thoroughly  with  gallons  of  hot  salt-solutou, 
peritoneal  cavity  500  to  1000  c.c,  close  the  abdominal 
wound  without  drainage,  and  place  the  patient  for  twenty-four 
hiiurs  in  a  position  with  the  pelvis  elevated.  By  this  technique  he 
washed  out  most  of  the  infection,  and  by  filling  the  abdomen 
salt-solution  and  elevating  the  foot  of  the  bed  he  followed  the 
known  facts  of  Muscatello's  experiments — namely,  that  there  are 
currents  in  the  intraperitoneal  cavity  carrying  particles  to  the 
lymph-spaces  in  the  diaphragm,  which  currents  are  best  favored  by 
gravity.      This  method  Clark  called  u  postural  drainage.'* 

It  is  distinctly  stated  by  Clark,  and  also  by  Finney,  that  this 
method  must  not  be  used  in  general  peritonitis,  but  that  in  such 
conditions  free  drainage  is  demanded. 

All  experimental  evidence  proves  that  in  a  very  few  bona 
absorbing  channels  of  the  diaphragm  are  clogged  with  debris 
bacteria. 

The  keynote  of  the  treatment  of  general  septic  peritoi: 
be   the    relief    of   the   peritoneum  and    these   obstructed    lymph* 
channels;    and  this  can  be  done    only  by    removal    of   the   septic 
exudation  and  subsequent  drainage. 

There  can  be  no  doubt  that  in  many  cases  of  localized  peri- 
tonitis the  integrity  of  the  peritoneum  is  so  damaged  that  it  w 
not  be  safe  to  abandon   drainage.     The  absorbing   channels  have 
become  so  clogged  that  any  fresh  infection  during  an  operation  on 
localized  peritonitis  could  not  reasonably  be  disposed  of  by  them. 

A   statistical   study  of  the  operative  treatment  of  per:" 
almost  worthless,   because  of  the  confusion  in   the    reported   c 
between  general  and  localized  peritonitis,  because  of  the  lack  of 
evidence  in  regard  to  the  kind  of  peritonitis  found,  and  the  absence 
of  bacteriological    reports.       Early   in   the    present   decade  some 
remarkable  percentages  of  recovery  were  published  by    ni 
surgeons.       Stuehlen  reported  78  cases,   with  50  recoveries;  and 
surgical  literature  from    1S90  to   1892  abounds  10   equally  glowing 
statistics.      These  reports  were  misleading   in    that   the  operat 
were  mainly  done  upon  localized   pus-collections  in   the  course  of 
appendicitis.       Such    percentages   of  recovery  froi  >al  peri- 

tonitis are  yet  beyond  possibility. 

There  are  infections  so  virulent  and  so  rapid  that  1 
toxaemia,  even  at  the  outset  of   the  disease,  must 
operative  interference. 

Acute  puerperal  sepsis  with  peritonitis  frequently  pi  *  con- 

dition in  which   the  entire  system   has  receive  tl   amotu 

poison.     Operation  for  the  peritonitis  will   not  re  he  main 

source  of  infection,  and  the  operation  which  includes  removal  of 
the  uterus,  tubes,  and  ovaries  can  seldom  b<  There  arc  casess 

of  peritonitis  ofpuerper.il  origin,  not  so  acute,  which  offer  a  favor- 
able chance  of  recovery  by  operation.     Such  cases  as  von  Winckc 
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reports  as  successful  operations  for  puerperal  peritonitis  are  chronic 
cases,  operated  on  weeks  after  the  primary  infection. 

The  treatment  by  injections  of  antistreptococcic  serum  is  as  yet 
experimental  and  inconclusive.  Wallick  concluded  that  its  use 
had  not  modified  the  mortality. 

Peritonitis  associated  with  acute  septic  inflammation  of  the 
gall-bladder  has  been  thus  far  uniformly  fatal  when  operated  upon. 
The  infection  is  usually  streptococci  or  colon-bacilli,  and  is  of 
extreme  virulence. 

Abbe  has  suggested  that  albumin  in  the  urine  of  peritonitis 
cases  is  a  contraindication  to  operation.  There  is  no  way  of  veri- 
fying this  statement,  because  of  the  incomplete  case  reports. 

Cases  of  peritonitis  occurring  in  the  course  of  advanced  renal 
and  hepatic  diseases — the  cases  of  li  terminal  peritonitis"— cannot 
be  regarded  as  suitable  for  operative  treatment. 

Operations  for  typhoid  perforation  and  for  perforation  of  gastric 
or  duodenal  ulcers  may  be  more  accurately  studied  and  the  per- 
centages of  recovery  reasonably  estimated.  But  a  statistical  study 
of  the  vast  numbers  of  operations  for  general  peritonitis  from  all 
other  causes  can  give  only  one  or  two  valuable  points.  The  factors 
entering  into  each  case  are  various,  and  differ  with  every  indi- 
vidual; the  virulence  of  the  infection  and  the  resisting  powers  of 
the  patient  cannot  be  estimated  by  statistics.  The  operation  is 
dealing  with  a  septic  infection  of  varying  virulence,  which  will 
cause  death  from  toxaemia,  and  will  be  more  successful  as  under- 
taken early  in  the  infection.  Operative  methods  must  remove  as 
much  of  the  products  of  infection  as  possible;  this  can  be  done 
only  by  washing  out  and  wiping  the  peritoneal  cavity.  The 
fact  that  one  or  two  cases  have  recovered  without  drainage  is  no 
reason  for  deciding  against  it. 

Within  five  years  opinions  as  to  washing  out  and  drainage  have 
varied,  but  at  the  present  time  there  is  no  uncertainty.  Yon 
Winckel,  in  his  recent  monograph  on  peritonitis,  shows  how  those 
at  one  time  denying  the  value  of  irrigation  and  drainage  have  been 
converted. 

P^inney,  in  1897,  reported  5  consecutive  successful  cases — 1  in 
the  course  of  a  mild  typhoid,  and  4  caused  by  perforating  appendi- 
citis. Cultures  are  reported  in  2  cases;  in  1  the  infection  was 
colon-bacilli  and  a  doubtful  coccus;  the  other  was  colon-bacilli 
and  staphylococci. 

Me  Cosh,  in  June,  1897,  reported  all  his  cases,  and  with  special 
care  8  cases  operated  on  in  the  year  1896.  From  18S8  to  1895  he 
had  operated  on  43  cases,  with  $7  deaths— a  mortality  of  86  per. 
cent.  Of  the  8  cases  operated  on  in  1896,  all  but  2  seemed  in  des- 
perate condition,  but  operation  was  considered  the  only  possible 
chance  for  recovery.  Of  these  8  cases,  1  died  as  the  immediate 
result  of  the  operation,  1  died  five  weeks  later  of  lung  complica- 
tions, and  6  recovered.  Bacteriological  studies  were  made  in  4 
cases  ;  in  2  streptococci  were  found,  in  2  colon-bacilli.  Six  cases 
were  caused  by  gangrenous  appendicitis,  1  by  a  septic  uterus,  and 
1   by  a  perforating  gastric  ulcer. 
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The  methods  of  operating  adopted  by  Korte,  Finuey,  and 
McCosh  differ  but  slightly,  and  illustrate  the  best  technique  to  be 
employed.  All  use  very  free  incision,  median  or  lateral,  fully 
exposing  the  peritoneal  cavity,  and  in  some  cases  make  an  addi- 
tional cut  in  the  right  or  left  flank  for  further  exposure  and  drain- 
age. All  remove  the  intestines  from  the  abdominal  cavity  if  the 
patient  is  not  absolutely  moribund,  keeping  them  warm  with 
towels  and  hot  salt-solution  irrigation,  and  cleansing  them  and  the 
peritoneal  cavity  as  thoroughly  as  possible  by  very  free  irrigation 
and  by  gentle  wiping  with  gauze  pads.  Finney  pays  special  a" 
tion  to  wiping  off  the  flakes  of  fibrin  from  the  intestines  and  wiping 
out  the  abdominal  cavity,  and  especially  the  pelvis.  McCosh  does 
this,  but  lays  stress  on  irrigation. 

If  the  distention  of  the  intestinal  coils  is  too  great  to  permit 
replacing  them  in  the  abdominal  cavity,  multiple  aspiration  or 
incision  of  them  is  done,  with  subsequent  suture.  Salt-solution  at 
a  temperature  of  1120  to  1140  F.  is  the  irrigating  fluid  used.  All 
use  drainage  :  Korte,  gauze,  or  rubber  tubes  and  gauze  ;  McCosh, 
gauze  or  strips  of  silk  ;  Finney,  gauze.  McCosh  injects  an  ounce 
of  Epsom  salt  into  the  ileum  with  a  large  aspirating-needle,  clos- 
ing the  puncture  with  a  Lembert  stitch  before  replacing.  Few- 
cases  are  so  desperate  as  not  to  permit  these  extensive  procedures. 
These  details  of  operation  are  proved  wise  by  experiment  and 
investigation. 

The   fibrin-flakes    on    the    peritoneum    may   contain    bacteria. 
Irrigation  will   not  remove  these  masses,  but  gauze  wiping  v 
In  certain  forms  of  peritonitis  this  fibrin  clings  so  firmly  to  the 
bowel  that  considerable  force  must  be  used  to  remove  it     These 
are  likely  to  be  fatal  cases.     Irrigation  will  cam'  off  much  of  the 
exudation.     Reichel   has  shown  that   the  irrigating  fluid  will   not 
return  sterile,  but  that  it  will  return  clear.      Calvert  and   Eltin 
experiments  proved  that  constant  irrigation  of  the  intestinal 
with  hot  salt-solution  will  rapidly  reduce  congestion  and  distention. 

The  use  of  chemicals,  such  as  peroxide  of  hydrogen  and  corro- 
sive sublimate,  which  is  advocated  by  certain  stir.  is  shown 
plainly  to  be  wrong  by  Thompson  and  by  Walthan  in  their 
experimental  work  it  is  certain  that  even  weak  solutions  of  corro- 
sive sublimate  may  of  themselves  cause  peritonitis,  and  that  steril 
water  is  often  irritating,  but  normal  salt-solution  is  not. 


4 


VI.  BACTERIOLOGY   OF  THE  GALL-BLADDER. 

The  bacteriology  of  the  gall-bladder  reb:  BOt  I 

the  organ  itself,  but  to  the  bile  for  which  it  aa 
pathological  changes  in  the  walls  of  the  gall-bladder  due  to 
teria,  though  they  may  in  rare  instances  be  primary,  are,   < 
secondary  to  the  invasion  of  the  bile  by  micro-organ  Thr 


bile  is  not,  therefore,  as  was  formerly  supposed,  antagonistic  to  the 
growth  of  bacteria;  but,  on  the  contrary,  allows  the  great  majority 
of  pathogenic  organisms  to  flourish  vigorously. 

The  two  chief  channels  of  entrance  by  which  bacteria  reach  the 
bile  are  the  portal  vein  and  the  bile-ducts.     Rarely  the  modt 
ingress  may  be  by  the  hepatic  artery  or  the  lymph-channels,  but 
the  importance  of  these  two  avenues  for  infection  is  comparatively 
small. 

Experimentally,  organisms  introduced  into  the  portal  vein  or 
even  the  general  circulation  appear  very  soon  in  the  bile  ;  and  a 
similar  process  of  elimination  undoubtedly  takes  place  in  the 
human  subject  when  a  general  septicaemia  occurs,  or  when,  by 
reason  of  pathological  change  in  the  intestinal  mucous  membrane, 
micro-organisms  gain  access  to  the  portal  vein. 

The  ascending  infection  through  the  bile-ducts  is  determined 
largely  by  the  character  of  the  organisms  in  the  duodenum  and  by 
the  patency  of  the  bile-ducts. 

The  healthy  duodenum  is  said  to  harbor  colon-bacilli ,  staphylo- 
cocci, and  streptococci  ;  abnormally,  typhoid  bacilli  and  pneumo- 
cocci  ;  but  under  normal  conditions  the  bacteria  do  not  leave  the 
intestine,  and  the  bile  remains  sterile.  If,  however,  there  be  any 
obstruction  to  the  flow  of  bile  (calculi,  malignant  disease),  or  if  the 
amount  of  bile  be  much  decreased,  as  is  said  to  be  the  case  in 
acute  infectious  processes,  conditions  favorable  to  bacterial  inva- 
sion are  produced. 

The  organism  most  often  encountered  in  the  bile  is  the  Bacillus 
coli  communis  ;  less  often,  the  typhoid  bacillus,  bacillus  of  Fried- 
lander,  streptococcus,  Staphylococcus  aureus  and  albus,  and  pneu- 
mococcus.  The  writer  made  bacteriological  investigations  in  a 
series  of  27  cases  in  which  the  gall-bladder  was  opened  because  of 
the  presence  of  gall-stones  or  of  inflammation  from  other  causes, 
and  a  variety  of  the  colon -bacillus  was  found  5  times  ;  the  typhoid 
bacillus,  3  times  ;  Bacillus  mucosus  capsulatus,  once  ;  pneumocoe- 
cus,  once  ;  and  an  unidentified  diplococcus,  once.  In  the  other  16 
cases  cultures  were  negative. 

The  invasion  of  the  gall-bladder  by  the  typhoid  bacillus  is  a 
subject  of  great  interest,  and  its  importance  has  been  emphasized 
bv  a  number  of  investigators  during  the  last  ten  years.  The 
observations  of  Chiari  showed  that  in  typhoid  fever  the  bile  is  very 
commonly  infected  by  the  specific  germ  of  the  disease.  Out  of  22 
cn^es  in  which  the  bile  was  examined  at  autopsy,  iq  showed  the 
presence  of  typhoid  bacilli.  In  13  out  of  19  positive  cases  the 
walls  of  the  gall-bladder  showed  distinct  evidence  of  inflammation. 
The  inflammation  was,  to  be  sure,  in  most  cases  slight,  affecting 
only  the  mucous  membrane.  In  1  case,  however,  all  the  c 
of  the  organ  were  affected.  Moreover,  other  observers  have  seen 
the  pathological  process  go  on  to  perforation  and  peritonitis. 

The  3  cases  of  typhoidal  cholecystitis  referred  to  above  by  the 
writer  were  of  especial  interest,  because  at  the  time  of  operation 
the  nature  of  the  affection  was  entirely  unsuspected,  and  might 
have   remained  undetected  had  not  the  attending  surgeon  made 
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ures  as  a  matter  of  routine.       Furthermore,   2  of  the  3  cases 
(as   yet   unpublished)   must    be    regarded    as   primary   rather  than 
secondary  typhoidal  infections  of  the  gall-bladder,  to  which  latter 
group,  of  course,  the  great  majority  of  these  cases  belong.     In  both 
instances  the  patients  were  operated  on  for  impacted  calculi.     In 
Case  I.  the  operation,  at  which  many  gall-stones  were  removed,  was 
followed   by  typical  typhoid  fever,  with  relapse.      In  Case  II.  no 
stone  was  found,  but  the  gall-bladder  showed  marked  thicken 
and  was  bound   up  in  old  adhesions.     The  patient  insisted,  I 
ever,    that    he   had   never  been  ill    in    his   life   until   within 
weeks.       In  both   cases   the   blood  showed    well-marked 
reaction  (Widal).     In  the  light  of  this  experience,  it  seems  probable 
to  the  writer  that  a  considerable  numbeT  of  these   typhoidal  infec- 
tions of  the  gall-bladder  escape  observation  because  many  surgeons 
fail  to  follow  up  their  cases  bacteriologically. 

Another  case  wis  especially  remarkable  because  of  the  specific 
blood-changes  that  were  shown  in  it.  The  infecting  organism 
in  tins  instance  was  a  bacillus  having  points  of  resemblance  to 
both  the  typhoid  bacillus  and  the  Bacillus  coli  communis — a 
so-called  paracolon  bacillus.  In  this  case  the  blood  showed  a 
well-marked  specific  reaction  (Widal)  with  its  own  infecting 
ganism,  but  upon  the  typhoid  and  colon  bacillus  it  had  no  effect 
whatever. 

Another  fact  of  ini]>ortance  is  that  bacteria,  having  invi 
bile,  may  persist  to   it   for  great  lengths  of  time.     Von   Dun. 
records  a  most  remarkable  case  illustrating  this  point.     The  patient 
had  been  seized  with  biliary  colic  five  years  subsequent  to  an  attack 
of  typhoid  fever.     Symptoms  of  gall-stones  recurred  from  time  to 
time,  but  it  was  not  considered  necessary  to  operate  until  fourteen 
and  a  half  years  after  the  typhoid  fever.     At  the  operation,  1 
ever,  together  with  many  calculi,  was  found  a  pure  culture  of  the 
typhoid  bacillus. 

Moreover,  this  persistence  of  the  typhoid  organism  in  the  bile 
should  be  borne  strongly  in  mind  in  all  cases  in  which  at  autopsy 
a  previous  typhoid  fever  is  suspected,  for  it  has  been  the  experi- 
ence at  the  Pathological  Laboratory  of  the  Massachusetts  General 
Hospital*  not  only  that  the  bile  was  infected  in  practically  even 
but  also  that  the  gall-bladder  might  be  the  only  organ  to 
show  the  specific  organism. 

The  relation  of  bacteria  to  the  formation  of  gall-stones  has  been 
during  the  last  decade  the  subject  of  much  investigation,  especially 
by  French  observers.  In  a  considerable  proportion  of  cases  the 
gall-stones  have  been  associated  with  bacteria,  notably  the  Kacil- 
Ins  coli  communis  and  the  typhoid   bacillus.        M  ro- 

organisms  have  been  demonstrated  in  the  center  of  certain  bi 

•ili.     Thus,  Gilbert  and   Fournier  examined  b 
gall-stones  from  27  different  cases.     The  resull 
In    ig  cases  cover-glass   examination  and  cultures  were   negathrc 
These  stones   were  all   old.      In  7  cases  cover-glass  examini 
and  cultures  showed  Bacillus  coli   communis.     Of  tin  - 
were  of  recent  formation,   1  was  old.     In  1  case  culture  was  neg- 


ative,  whereas  cover-glass  examination  showed  bacillary  forms  very 
imperfectly  stained. 

The  writer  has  investigated  gall-stones  in  10  cases,  but  has  been 
able  to  demonstrate  bacteria— Bacillus  mucosus  capsulatus — in  a 
single  case  only.  In  this  instance  the  same  organism  was  culti- 
vated from  the  bile.  The  stone  examined  was  large,  hard, 
stratified,  apparently  of  considerable  age,  and  its  surface  was,  as 
far  as  could  be  seen,  unbroken.  It  does  not,  therefore,  scorn  prob- 
able that  the  bacilli  soaked  into  the  stone  from  the  surrounding 
bile,  though  this  mode  of  inoculation  must  always  be  considered  as 
possible,  especially  in  the  softer  stones  of  recent  formation. 

The  temptation  to  declare  a  causal  relation  between  the  bacteria 
and  the  stones  is  great.  This  relation  is,  however,  far  from  estab- 
lished, though  theoretically  it  has  much  in  its  favor.  Thus  it  is 
argued  that  cholesterin  and  pigment  are  held  in  solution  by  the 
alkaline  salts  of  the  biliary  acids.  If  now,  for  any  reason  (stagna- 
tion with  absorption  of  water),  the  amount  of  cholesterin  becomes 
excessive  or  the  reaction  of  the  bile  becomes  acid  (acid-production 
of  colon  and  typhoid  bacilli),  the  conditions  for  the  precipitation  of 
biliary  pigments  and  cholesterin  are  realized,  and  formation  of  cal- 
culi is  determined. 

Furthermore,  in  the  typhoid  infection  of  the  gall-bladder  it  was 
noted  by  Gushing  and  the  writer  that  the  bacilli  were  often 
arranged  in  large  clumps;  and  these  collections  of  bacteria  were 
frequently  associated  with  considerable  masses  of  pigment  and 
debris.  There  was  therefore  suggested  the  possibility  that  these 
aggregations  of  bacilli  and  pigment  would  serve  as  excellent  nuclei 
for  the  formation  of  calculi.  The  typhoid  organisms  might  in 
this  case  act  in  two  ways:  First,  to  cause  an  acid  reaction  in  the 
bile,  with  consequent  precipitation  of  cholesterin  and  pigment; 
secondly,  to  serve  as  nuclei  upon  which  the  stones  should  form. 

As  already  stated,  the  subject  has  been  a  favorite  one  with 
French  observers,  and  a  great  many  investigations  have  been 
made,  especially  by  Gilbert  and  his  associates,  Fournier,  Dominici, 
and  Glaude. 

In  experiments  upon  rabbits,  Gilbert  succeeded  in  producing  a 
calculus  as  large  as  a  grain  of  wheat  by  injecting  into  the  gall- 
bladder three  drops  of  a  typhoid  culture  which  had  been  healed  for 
ten  minutes  to  500  C. 

Mignot  introduced  his  bacteria  upon  pledgets  of  cotton.  After 
a  number  of  days  the  cotton  was  removed.  The  bacteria,  then 
left  to  themselves,  produced  in  one-third  of  the  cases  regularly 
stratified  cholesterin  calculi. 

The  writer,  working  on  the  "clump"  theory  of  origin  for 
biliary  calculi,  injected  into  the  gall-bladder  of  a  rabbit  typhoid 
bacilli  which  had  been  agglutinated  by  the  addition  of  typhoid 
serum.  In  this  case,  after  four  months  a  brown  calculus,  the  size 
of  half  a  pea,  was  found 

In  its  clinical  aspect  this  relation  between  typhoid  fever  and 
gall-stones  has  been  the  subject  of  especial  study  by  Dufourt,  who 
records  19  cases  in  which  enteric  fever  was  followed  by  distinct 
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symptoms  of  cholelithiasis.      Previous   to   the  typhoid   th< 
been  nothing  to  suggest  the  presence  of  calculi  in  the  gal!-bla< 
In  12  cases   the   symptoms   appeared   within   six    mouths   of  the 
typhoid  attack;  ill  the  other  cases  the  interval  was  much  lonj 
and  a  connection  between  the  two  pathological  conditions  v. 
difficult  to  trace.     Dufourt  acknowledges  that  the  gal! 
have    been    present    without    causing   symptoms    previous    to 
typhoid  fever,  but  he  does  not  consider  this  probable. 

The    evidence    seems,    therefore,   quite  strong  that  bacteri 
have  an  important  part  in  the  formation  of  gall-stones;  but  much 
more   extended   investigation    is   needed  before  well-defined  con- 
clusions can  be  drawn. 


VII.  SERO-THERAPY 


IN  TETANUS, 
SYPHILIS. 


TUBERCULOSIS,   AND 


Tetanus. — The  fact  that  sero-therapy  in  diphtheria  h 
than  justified  its  early  promise  as  a  life-saving  treatment  hfl 
grounds  for  hope   that  the  antitoxin  of  other  diseas 
streptococcus-infection  and  tetanus,  might  also  be  brought  under 
control  by  the  antitoxins  produced  by  the  growth  of  the  or. 
themselves,  and  of  recent  years  great  activity  has  beeu  shown  in 
the  endeavor  to  elaborate  and  apply   in   both   experimental  and 
clinical  work  the  antitoxin  treatment  to  tetanus  reptocoi 

infection  ;  but  in  both  these  diseases  the  difficulties  met  with  in 
the  endeavor  successfully  to  put  in  practice  the  antitoxin  treatment 
have  been  much  greater  than  was  the  case  in  diphtheria.  In 
case  of  tetanus  the  chief  difficulty  has  consisted  in  the  fact  that 
during  the  incubation  of  the  disease,  and  even  before  the  first 
Symptoms  have  developed,  in  animals  at  least,  so  large  an  am 
of  toxin  has  been  absorbed,  and  perhaps  fixed,  in  the  system  that 
the  most  concentrated  antitoxic  serums  which  it  has  so  far  been 
Found  possible  to  produce  have  been  found  to  be  too  weak  to  neu- 
tralize them. 

In  order  to  save   the  life  of  a  horse  inoculated  with  tetanus- 
toxin,  it  is  found  necessarv  to  inject  the  antitoxin  befor  inp- 

IS  have  appeared.     This  fact  does  not  hold   true  in  m. 
the  human  subject   tetanus  is  a  vastly  more  variable  disease,  and 
less  uniformly  fatal,  than  in  horses.     As  is  well  known,  the  mor- 
tality in  human   tetanus  varies,  with  the  acuteness  of  tl 
especially  as  manifested  by  the  time  of  onset  of  the  symptoms. 
Rapidly  progressing  cases,  in  which  the  symptoms  ai  rly, 

gfive  a  mortality  of  90  per  cent,  and  upward.  In  the  class  of  c 
in  which  the  symptoms  appear  later  and  progress  slowly  the  0 
talitv  has  been  estimated  at  only  about  40  per  cent. 

The  difficulty  in  securing  an  effective  antitoxic  serum  for 
in  human  tetanus  is  greatly  enhanced  by  the  fac  and 

virulent  cases,  which  have  the  highest' mortality  and  in  which  the 
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need  for  a  suitable  antitoxic  serum  is  greatest,  are  the  very  eases 
in  which  the  disease  most  nearly  approaches  the  type  seen  in 
horses — when,  by  the  time  the  symptoms  have  appeared,  so  large 
BO  amount  of  toxin  lias  been  absorbed  into  the  system  that  the 
strength  of  the  antitoxic  serum  has  been  too  slight  to  cope  with  it 
effectively.  There  lias  been  no  evidence  so  far  published  that  the 
antitoxin  treatment  has  lessened  the  mortality  of  the  very  acute 
cases. 

Carefully  compiled  statistics  of  167  cases  of  tetanus  treated  by 
antitoxin  Up  to  June,  1898/  gave  a  mortality  of  about  40  per  cent, 
for  all  cases  treated  by  the  subcutaneous  injection  of  antitoxin,  as 
against  a  roughly  estimated  mortality,  for  all  cases  of  the  diet 
under  previous  methods  of  treatment,  of  60  per  -cent.  These 
statistics  are  open  to  criticism,  owing  to  the  not  infrequent  failure 
to  record  unsuccessful  cases,  and  the  fact  that  in  many  of  the  cases 
that  were  treated  by  antitoxic  serum  the  dosage  was  so  small  and 
the  strength  of  the  serum  so  various  that  it  becomes  extremely 
difficult  to  decide  in  any  case  that  recovered  whether  the  recov- 
ery was  due  to  the  serum  or  not.  The  amelioration  of  symptoms 
that  so  definitely  follows  the  administration  of  antitoxin  in  diph- 
theria does  not  occur  in   tetanus. 

Of  all  the  experimental  workers  who  have  engaged  in  the  prep* 
aratiou  of  antitoxic  serum,  Behring  alone  has  produced  a  dried 
serum  of  considerable  condensation  and  of  an  antitoxic  strength 
of  100  units  to  the  gram  of  the  dry  powder  (the  unit  is  the  amount 
of  antitoxin  that  will  neutralize  1,000,000  minimum  fatal  doses 
for  a  250-gram  guinea-pig).  The  strongest  liquid  serum  which 
Behring  has  put  on  the  market  contained  5  units  to  the  cubic 
centimeter.  The  serum  produced  by  the  Massachusetts  State 
Board  of  Health  contains  1  unit  to  the  cubic  centimeter,  and  it 
is  probable  that  the  majority  of  the  antitoxic  serums  on  the 
market  do  not  exceed  this  in  strength. 

As  a  result  of  experimental  and  clinical  work,  Behring  has  con- 
cluded that  in  the  human  adult  no  less  than  500  units  must  be 
administered  at  one  dose  in  order  to  prove  effective  Against  the 
tetanus-toxin.  With  a  serum  of  1  unit  to  the  cubic  centimeter  it 
would  therefore  be  necessary  to  administer  800  c.c.  at  a  single 
dose  in  order  to  have  any  reasonable  probability  of  affecting  favor- 
ably  the  course  of  the  disease.  In  the  vast  majority  of  the  reported 
cures  the  dose  has  been  from  10  to  40  c.c,  of  the  serum,  so  that 
it  seems  hardly  reasonable  to  suppose  that  the  course  of  the  disease 
has  been  favorably  or  unfavorably  influenced  thereby.2 

In  order  to  secure  the  immediate  action  of  the  antitoxin  in  the 
largest  possible  quantities  upon  the  nerve-centers  of  the  body,  it  is 
advisable  to  administer  the  serum  by  intravenous  infusion.  This 
is  especially  true  of  the  serums  of  which  a  large  amount  must  be 

1  Lund,  Boston  Med.  an.i  Sttr*r  J?nr.,  An;'    |8,  1S9S. 

1  A  recent  test  by  Theob»l<l  Smith  ol  |$k  t<  (mtus-serum  furnished  in  seated  tubes  by 
T.xvcl  of  /unch,  of  which  llic  <ln*e  ail  vised  is    10  to  20  c  «:..  showed  that  it  was  at   ' 
10  per  cent,  weaker  in  antitoxic  strength  than  thai   famished  by  the  Massachusetts  State 
Board  of    Health.     It  must  therefore   contain  less   than  1    unit  of  antitoxin  per  cubic  centi- 
meter, anrl   the  dose  advised  must  be  utterly  inadequate. 
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employed,  owing  to  the  slowness  and  difficulty  of  admit1 
large  quantities  of  fluid   li;  uieally.     The  serum   should  be 

warmed  to  a  temperature  of  ioi     cm    102°  F.,  and,  of  cov 
antiseptic  precautions   should  be  taken.     The  serum,   when  ob- 
tained  from   the   manufacturers,   is  put   up   aseptically   in  sealed 
receptacles,     li  should  be  kept  on  ice  in  a  dark  place. 

With  a  view  of  obtaining  immediate  action  upon  the  nerve- 
centers,  by  which  experimental  work  lias  shown  that  the 
toxin   is  fixed,   and   into  combination   with   which    it   enters,   the 
intracerebral  injection  of  from  4  to  6  c.c.  of  the  serum  has  been 
practised  during  the  past  years. 

Roux  and  Borel  found  that  the  intracerebral  injection  of 
toxin  was  effective  in  guinea-pigs,  and  more  so  than  the  subcu- 
taneous injections. 

In   the  human  subject,  in  December,    1898,   the.  intracerebral 
injection  had  been  practised  in  12  reported  cases,  of  which  5  died. 
As  was  to  be  expected,  the  fatal  results  occurred  in  the  more  acute 
type  of  cases.     One  unreported  acute  case  is  known  to  the  wr 
in  which   death  followed  intracerebral   injection. 

In  case  this  operation  is  practised,  it  is  advisable  to  admii 
the  serum  intravenously  as  well,  in  order,  if  possible,  to  neutralize 
any  toxin  which  may  already  be  circulating  in  the  blood.  About 
3  c.c,  of  antitoxin  are  injected  into  the  center  of  the  frontal 
lobes,  slowly,  in  order  not  to  injure  the  brain-tissue.  A  SE 
trephine-opening  must  be  made  on  either  side.  Owing  to  the 
small  number  of  cases  reported,  the  value  of  this  procedure  remains 
in  doubt 

Recent   experience   with   intracerebral   injections  of   the  serum 
have  failed  to  establish  its  value. 

It  is  difficult,  for  the  same  reason,  to  form  an  estimate  of  the 
value  of  the  antitoxin  treatment  as  a  whole,  owing  i"  tin 
gravity  of  the  disease  and  the  small  number  ol 
within  the  experience  of  any  single  observer.     There  is  good  rea- 
son  for  hope,   however,  that  with   the  amount  of  activity  th 
being  shown   by   laboratory'   workers   in    endeavoring  to  produce 
antitoxic  serum  of  greater  strength,  and  by  clinicians  to  perfect 
methods  of  administration,  the  treatment  may  in  the  tant 

future  become  an  efficient  aid  in  lessening  the  mortality 

The  Antistreptoeoecus  Serum. — In  1895,   Marrow 
the  horse  and  the  ass  for  immunization  against  streptococci: 
Hon,  produced  a  serum  which,  if  injected  into  rabl 
early  after  a  fatal  dose  of  the  streptococcus  toxin,  would  protect 
the  animal  against  the  latter.     The  amount  of  serum  which  it  was 
necessary  to  employ,  however,   increased  rapidly   with   the   time 
after  the  toxin  was  given,  and  in  the  case  of  10  times  the   fatal 
dose  of  a  very  virulent  culture  it  was   found  that  no  amount  of 
antitoxic  serum,  if  injected  more  than  six  hours  after  the  orij: 
injection,  would  protect  the  animal.     In  the  case  of  less  virulent 
cultures   the   infection    might    be  checked   twenty-four   to   thirty 
hours  after  the  injection. 

Koch  and  Petruschky  have  shown,  however,  that  the  virulence 
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a  streptococcus  culture  for  animals  was  no  index  of  its  activity 
for  the  human  subject,  and  found  that  no  effect  was  produced  on 
man  with  several  cultures  which  were  highly  virulent  for  rabbits. 

Petruschky  also  found  that  neither  Marmorek's  nor  Aronsou's 
serum  sensibly  modified  the  course  of  an  erysipelas  produced  in  the 
human  subject  by  inoculation  with  a  culture  from  human  erysipelas. 

In  puerperal  fever,  according  to  Cotton/  the  serum  had  been 
employed  in  107  cases,  with  34  deaths — a  mortality  of  31.7  per  cent. 
In  erysipelas  Marmorek  reports  413  cases,  with  a  mortality  of  3.87 
per  cent.,  as  against  a  mortality  of  5. 12  per  cent,  in  previous  cases 
treated  in  the  same  service. 

In  regard  to  other  general  infections — pyaemia,  endocarditis, 
osteomyelitis,  etc. — too  few  cases  have  been  reported  to  enable  any 
conclusion  to  be  drawn. 

In  attempting  to  estimate  the  value  of  the  serum,  we  are  con- 
fronted by  the  fact  that  we  are  dealing  with  isolated  cases  seen  by 
different  observers,  and  with  a  disease  which  runs  no  definite  and 
typical  course. 

In  MarmorekTs  series  of  erysipelas,  the  only  large  series  treated  by 
a  single  observer,  the  reduction  in  the  mortality  was  very  small,  and 
within  the  limits  of  variation  in  the  mortality  of  the  untreated 
disease.  An  improvement  in  the  subjective  symptoms  immediately 
following  the  administration   of  the  serum  occurred  in  a  certain 

•  number  of  cases,  but  was  not  by  any  means  constant. 
Cotton  ■  concludes  that  although  the  serum  is  not,  broadly 
speaking,  effective  against  streptococcus-infections,  a  certain  degree 
of  passive  protection  is  certainly  present  in  the  laboratory  -experi- 
ments, and  something  of  the  sort  is  possible  in  man.  He  advises 
further  trial  of  the  serum  as  a  symptomatic  and  adjuvant  to  other 
treatment,  if  nothing  more.  In  no  case  should  it  be.  employed  to 
the  exclusion  of  stimulation  and  other  methods  of  treatment,  as 
advised  by  Marmorek,  but  only  in  conjunction  with  them.  It 
should  be  employed  1*11  doses  of  from  10  to  25  c.c. ;  and  care  should 

•  be  taken  to  select  a  serum  the  preparation  of  which  is  known  to 
have  been  conscientious. 
Surgical  Tuberculosis.— It  is  chiefly  in  the  field  of  pulmonary 
tuberculosis  that  the  serum  treatment  has  been  employed.  The 
serums  employed  have  been  obtained  from  horses  subjected  to 
treatment  by  injections  of  tuberculin  or  the  new  tuberculin  T.  R. 
of  Koch.     The  results  have  been  in  the  early  cases  favorable,  and 

•  in  the  advanced  cases  with  mixed  infection  the  treatment  has 
naturally  done  no  good.  The  fact  that  the  early  cases  have  so 
often  done  well  under  the  climatic  and  general  hygienic  treatment 
with  which  the  serum  treatment  has  been  naturally  conjoined 
renders  it  impossible  to  form  an  estimate  of  the  value  of  the  latter. 

In  surgical  tuberculosis  such  good  results  are  attained 
immobilization  combined  with  hygienic  treatment,  ablation  of  the 
foci  by  operations,  etc.,  that  the  reasons  for  the  employment  of  the 
serum  treatment  in  the  early  cases — the  only  ones  in  which  it  could 
render  any  promise  of  being  effective — have  not  demonstrated 
1  Jfoatffn  Med.  ,  Feb.  2,  1S99.  *  Lo 
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themselves  sufficiently  to  lead  to  its  general  employment.     The 
chronicity  of  the  disease  and  the  length  of  time  during  whicl; 
treatment  would  have  to  be  continued  have  militated  against  its 
trial. 

The  infectious  ^ranulomata,  such  as  syphilis  and  tuberculosis, 
are  so  manifestly  different  in  their  nature  from  the  acute  tilled 
diseases  in  which  antitoxins  have  proved  of  value  that  the  success- 
ful  application  of  the  antitoxin  treatment  is  in  them  fraught  with 
additional  difficulties,  and  the  extension  of  the  principle  of 
immunity  to  them  is  a  matter  of  douht. 

Syphilis. — Acting  on  the  theory  that  immunity  from  syphilis 
is  present  in  those  who  have  previously  passed  through  the  dis- 
ease, numerous  attempt  been  made  in  the  treatment  of  this 
disease  with  the  serum  of  animals,  the  serum  of  syphilitic  patients, 
the  serum  of  animals  previously  treated  with  mercury,  etc, 
definite  results  have  so  far  been  reported. 
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Air,  bacteria  in  the,  786 
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in  osteomyelitis,  211 
Amputation  stumps.    neuroma 

of.  77? 
Amyloid  degeneration,  320 
Anesthesia  in  rabies,  454 
Anal  canal, sterilization  of.  830 
Aneurism,  cirsoid,  780 
Arit-urisma  racemosum,  7&0 
Angioma,  777 

cavernous,  770 

venosum,  780 


Angio- myoma,  776 
-tie urology,  79 
-sam.m.i.  70S,  719 
of  kidney,  719 
Animal-inoculation  in  bacteri- 
ological   examinations, 
788 
Animals,  rabies  in,  453 
Ankylosis,  625 

cartilage,      destruction      in, 

625,  626 
experimental,  627 

in  joint-tuberculosis,  534 
Anthrax,  477,484 

convulsion-,  iria mo,  481 
diagnosis,  481 
epidemics,  477 
incubation,  479 
infection,  method  of,  478 
prognosis,  482 
treatment,  483 
Anthrax,   appearances  of,   in 
man,  480 
pathological,  4S1 
post-mortem,  482 
bacillus,  70 
in  catgut,  798 
distribution    of,    in    man, 

482 
pyocyaneus,  action  of,  483 
spores,  72,  477 
Antiseptics,  784,  80I 
of  tooth-filling,  Si 5 

l  ptococcus  serum,  848 
Arsenic,    bromide  of,  in  can- 
cer, 700 
Arteries,  healing  of,  250 
ligature  of,  25 1,  254,  255 
callus  after.  251 
organization  of  thrombus 

after,  252 
role  of  thrombus  after,  254 
nutrient,    in    osteomyelitis, 

J97 
Arth  reel  oin  y,  554 
Arthritis,  chronic  dry,  623 
deformans  620 

ebumation    of    bone 

622 
treatment,  624 
'"■U-'iriivi-lnis     followed     by 
acute  suppurative,  205 
Arthropathy,  spinal,  624 

K57 
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Artlirol.  iny,  553 

Bacteria,  capsule,  19 

Bacteria ,  preparation,  fcaagnf- 

Ascites,  hyperemia  following 

cell  structure,  19 

dor.  t6 

mg  fur,  87 

chromogenic.  1 

products  of,  chemical  at. 

Aseptic  fever  (see  Mn 
Aspnyxia,  local,  272,  274 

■:>.  IS 

Coloi                          ■!,   I9 

pus  Without,  I40 

Atrophy,  bone,  in  joint-luber- 

culture-media,  33 

in  pyarroi.i. 

culosis,  5M 

'  31 

neuro-paralytic,  6 1 1 

culture,  plate,  36 

in  man,  1 

senile,  609 

stab,  35 

relation  to  aniline  dyes,  it 

Auto-clave,  33 

destruction    of,    by    leuco- 

rcm0Y.1l  0!   fat    from  iptts- 

-transfusion,  299 

.  too 

• 

dilution  of,  36 

reproduction,  20 

BACILLI,  anthrax,  in  man,  482 

dose,  137 

m  subrniliary  tubercl- 

elixnii                    from    the 

at  ion  of,  145 

of  tetanus  in  garden  >oil,  430 

I'-'iu,  144 

saprogenic.  22 

of  tuberculosis,  demonstra- 

examination methods,  25 

sapr. •  1 

tion  of,  56,  505 

facultative,  23 

staining  sputa  for  the,  57 

in  aseptic  fever,  323 

in  si                              ;j8 

of  typhoid,  a  cause  of  osteo- 

in suppurative  fever,  329 

preparation    t(, 

myelitis,  196 

fever  without,  315 

28 

Bacillus  anthracis,  elimination 

forms,  19 

spore  formation,  20 

.  of,  75 

in  gangrene,  266,  267 

coli  communis,  48 

in  garden  toil,  69 

staining. 

distinguished  from  ba- 

gas-formation, 24 

re,  25 

cillus  typhosus,  49 

growth  favored  by  state  of 

methods,  36 

infection,  73 

the  blood,  150 

'icturc,  25 

1  act  is  aerogenes,  828 

favored    by    strung    anti- 

sterilization, dry  be  d 

mallei,  61 

septics,  150 

11.  || 

mucosas  capsulnn-s,  845 

In- lory  of,  1.7 

155 

passage    through    the    pla- 

it) the  iH.ciy,  [43 

1 39 

centa,  75 

infection,  toxic,  30 

in  tei               .  *j 

pyocyaneus,  47,  801 

can  inflammation  exist  with 

in  tewi-httflka,  25 

action  upon  anthrax,  483 

P   122 

1 -lining,  prcpan 

pyogenes  fcetidus,  48 

causing  inflammation,  121 

tion  of  a.  30 

spores,  72,  477 

in     infective     inliann 

Bacteria,    n                      pyej- 

typhosus  in  cystitis,  S27 

r35 

1 

vaccination  against.  74 

inflammation  due  to,  139 

tetrageniis.  48 

Bacillus,  anthrax,  cultures  of. 

toxic  products,  1 38 

■taphybooccai  albas.  45 

methods  "f   obtaining, 

types  of,  135,  136 

crreas,  45 

55 

immunity,  39,  152 

citreu 

growth,  50 

inoculation,  protective,  39 

Bacillus  or  cancer,  639 

kidneys   as  eliminai. 

00,  45 

of  glanders,  61 

144 

in  mouth,  81$ 

Ir^ht  on,  influence  of,  23 

lis  Aavescr' 

.,!'  Upr-sy.  64 

morphology  of,  t& 

streptococcus  emipcUnat] 

of   malignant    oxlema,   67, 

motility,  19 

46' 

1*3 

method  of  study,  36 

Bacteria  i    1  -aciUus  aathroa, 

of  pseudo-ordema,  69 

movements  of,  19 

7° 

of  syphilis,  65 

multiplication  of,  22 

coli  comr: 

of  tetanus,  54,  435 

in  noma,  270 

where  found,  436 

numlwrs   of.  meemtty   to 

•  demo,  67 

of  tuberculosis,  56 

cause  suppuration,  137 

in  cystitis.  S27 

in  osteomyelitis,  194 

pseudo- »dem».  69 

of  xerosis,  818 

of  cystitis,  826 

staining  methods,  57 

of  eye,  818 

Bacteriological    cxaminatkas, 

Koch's    demonstration 

of  male  Urethra,  824 

of,  505 

of  meatus  urinarius,  824 

Bacteriology  of  ear.  819 

Lustgarten's,  66 

of  mouth,  814 

Bl6 

Ziehl's,  57 

oxygen  i»n,  influence  of,  23 

of  g                       84I 

Bacteria,  1 8 

pathogenic,  42 

of     gi                    ry    spin 

action  in  disease,  37 

Koch's  law.  on.  42 

in  the  living  body,  38 

peptonizing      action    <■(.      1 

of  month,  812 

aerobic.  23 

cause   uf   suppuration, 

of  nose,  820 

anearobic,  23 

«55 

of  j                   S34 

in  the  blood,  144,  359 

pigment-formation,  24 

of  skin,  800 

INDEX. 

859 

Bacterium  coti   commune  in 

lilood-serum.  bactericidal  ac- 

Bone,  sequestra   of,  in  osteo- 

cystitis, Bsfi 

t i-  ••-! .  41 

myelitis,  199 

Bacteriuna,  823,  826 

in  tetanus,  45 1 

tissue,  destruction  of,  in  hip- 

Balaam,  xylol,  29 

in  therapy,  153 

joint  disease,  536 

Bath,  cold,  reaction  from,  304 

therapy  in  rabies,  803 

tuberculosis    (see    Tubercu- 

in  treatment  of  inflamma- 

Blood-vi aneb  in  inflammation. 

tion.  133 

92 

t union,  myeloid,  713 

vapor,  in  tetanus,  450 

action  uf,  92 

ioid,  I93 

Bed-sore,  271 

dilatation  of,  95 

I;.  ). l> affected  in  osteoporosis, 

Benign  tumors  (see  Tumars). 

escape  of  fluids  from,  108 

610 

J ft  lil-. ride  of  mercury*  802 

small  budding  growth  from, 

in  ostitis  deformans,  613 

Big-jaw,  469 

229 

ckcis,  608 

Black  tongue,  397 

Body  exposed  to  cold,  303 

chemical     <                 b  ,    m 

Bladder,  bacterial  invasion  of, 

lo  constant  heat,  303 

ostitis  deformans.  5  ■  ■ 

faj 

temperature,  inequalities  in, 

of  cranium  in  sarcoma,  717 

cancer  of,  694 

302 

flat,  in  osteomyelitis,  203 

villous,  694 

boil,  core  of  .1,  1 72 

medullary  tissue  of,  in   OS* 

ili-n.li-i -li'.li  "f,  SjO 

Boiling  instrument*  for  stenli 

teomalacia,  598 

distended,       catheterization 

tattoo,  795 

iu  jn.iiuia,  377 

of,  in  hypertemia,  87 

Boila,   treatment   of,  carbolic 

lioric  acid,  803,  834 

extirpation  of,  696 

acid  in,  174 

Bottles,  hot-water,  burns  from, 

papilloma,  752 

prophylactic,  174 

2"2 

routes  of  infection  by  bac- 

sulphide   of    calcium   in. 

,  nerve  tissue    repair  in, 

teria,  828 

'75 

242 

sarcoma  of,  719 

Bone  atrophy  in  joint-tubercu- 

in pycemia,  376 

sterilization  of,  830 

losis,  534 

sarcoma  of,  "2«i 

tuberculosis   of,  in  women, 

neuroparalytic,  611 

Breast,  adenoma  of,  738 

579 

senile,  609 

cancer  of,  662 

Blood,  buffy  coat  of,  IOO 

callus,  245,  246 

ileid,  665 

circulating,   toxic    products 

intermediate,  245 

heredity  in.  663 

in.  1 38 

ossification  of,  247 

medullary,  664 

coagulation  of.  100 

chemical    changes 

metastasis  in,  667 

color  of,   in    iiiflami 

osteomalacia,  599 

pain  in,  666 

'''•■  97 

chips  iu  after-treatment   of 

scirrhous,  664 

corpuscles  of,  third,  98 

osteomyelitis,  216 

traumatism  in,  663 

in  fever.  312 

diseases  of,  597 

cystn-adenoma  of,  739 

bacterial  growth  favored  by 

eburnation  of.  208 

fibroadenoma  of,  738 

the  slate  of,  1 50 

in  arthritis  deformans, 621 

hypertrophy  of,  740 

in  lymphoma,  733 

fistula    after    osteomyelitis. 

pigeon,  607 

pus  inT  363 

2t4 

sarcoma  of,  723 

in  pya?mia,  363 

fracture  of,  callus  after,  245 

malignancy,  724 

in  py. t  nui,   :.;  I 

changes    foUowfalg  histo- 

Breath  in   |u,.  mi  ,  1  da 

slowing  of,  S9 

logical,  246 

.  369 

sugar  of,  787 

healing  of,  244 

Bromide  of  arsenic  IB  cancer, 

Blood -clot,  absorption  of,  fever 

hyperplasia  of,  6l2 

700 

caused  by,  100,  321 

internal  callus,  245 

Bromine  in  hospital  gangrene. 

in  after- treatment  of  osteo- 

lime-sails    of,    absorbed     in 

432 

myelitis,  215 

osteomalacia,  597 

Brownian  movement,  10 

organization,  231 

marrow,  changes  in. 

Budding    growth    from    small 

in  tendon  repair,  233 

logical,  616 

blood-vessels,  229 

Blood-corpuscle,  third,  98 

necrosed,  solvent  action  of 

fibres,  237 

Blood  corpuscles,   white,  dia- 

pus  on,  200 

Buffy  coal  of  blood,  too 

pedesis,  93 

spontaneous  fracture  from, 

Burns  from  hot*watcr  bottles. 

increase  of,  in  inflamma- 

200 

27 « 

tion,  99 

non-union,  250 

shock  from,  290 

Blood -examination,  786 

osteoblasts,  246 

dry,  787 

repair.  245 

Cachexia,  cancerous.  646 

Blood -flow,  increase  d,  in    ac- 

absorption el"  (.alius,  249 

a  bean  in  tetanus.  448 

tive  hyperemia,  80 

hyaline  cartilage  in.  249 

Calcium,  sulphide  of.  175 

Bloodletting,  133 

reproduction,  246 

Callus  absorption.  249 

Blood-pigment  in  ulcer;  184 

sarcoma  of,  712 

after  fracture  of  bone,  245 

Blood-plaques,  99 

central  round-cell,  714 

ligature  of  an  artery,  25 1 

in  pyaemia,  361 

central  spindle-cell  of,  7 13 

bone,  245,  246 

Blood -serum  as  a  culture -rae- 

spontaneous    fracture   in. 

intermediate,  24=; 

- 

7*4 

ossification  of,  247 

Canals,    plasma,    in    capillary 

Cancer  of  icsophagus,  684 

Carcinoma,  638 

development,  230 

treatment,  685 

classification,  647 

Cancer,  638 

nf  |-enis,  657 

in  the                      asof  onto> 

bacillus  of,  639 

unent,  661 

myelitic,  208 

cells,  644 

of  reclum,  690 

as  protozoa,  640 

Kraske's  operation,  693 

Carcinosis,  acute  miliary, 64* 

cbiinut-v -sweeps',  65S 

relieved  by  erysipel 

in  cicatrix,  660 

of  scrotum,  658 

•   aba,  525 

coccidium  in,  640 

tar  and  paraffin  in,  659 

Caries  sicca 

detection      of,      nitric-acid 

of  skin,  652 

in  shoulder  -joint  tubaca- 

method  for,  672 

deep-seated,  649 

538 

diagnosis'  of,  extent  of,  073 

superficial,  650 

Cartilage  in  ■                    1  .-st ruc- 

distribution, 643 

ineiil,  660 

tion 

en  tuirasst,  667 

maeh,  688 

cells  in  rickets,  60$ 

etiology  of,  639 

of  testicle,  698 

t ;  ir  hvsciJ.  in  OCteaapeBftf, 

extension  through  lymphat- 

Of  tongue,  677 

.  199,  20I 

"■'■ 

beginning  of,  6S0 

hyaline,  in  bone-repair,  249 

inlil:                          round -cell, 

diagnosis.  682 

in  the  joint, 

051 

leucoma   an   early   stage 

in    tuberculosis    ukt. 

lymphatic  system  in,  645 

uf,  679 

medication  in,  69S 

1 

Castration    in    tul«rculoua  of 

melanotic,  648 

operation^  for,  682 

origin  of,  epithelial,  638 

of  uterus,  672 

'.  806 

pearls  in,  epithelial,  649 

body,  674 

1,  476 

protozoa  in,  640 

cervical  canal,  674 

Cell-division,  im> 

scirrhous,  647,  664 

MOMS,    67O 

Cell-in                    r  1  flam— dim 

v.  777 

hemorrhage    early  -»ynij>- 

dependent       on        the 

stricture    of    rectum     from. 

torn  of,  676 

amount     of    irritation, 

69a 

heredity  in,  673 

treatment,  therapeutic,  701 

bydromctra  in,  675 

.  101.  218 

bromide  of  arsenic  111,700 

metastasis.  675 

Cells,  amoeboid  movement  d, 

Chian  turpentine  in,  701 

pregnancy  a  cause  of,  673 

tot 

pyoktanin  in,  700 

treatment,  677 

cancer,  644 

Cancer    of    bladder,    villous, 

vaginal  jiortiod,  673 

.,  643 

694 

Concroin.  699 

can. 

of  breast,  662 

Cancrum  oris,  270 

of  enrd  in  shoe  - 

classification,  663 

Capillaries,    distention    of,    in 

embryonal,  220 

1  id,  665 

inflammation,  92 

epilhi                      granulation 

diagnosis,  670 

Carbolic  acid  (see  Acid). 

duration  of  life  of,  669 

as  an  antiseptic,  802 

in  tnl                  506 

her- 

1   iri  uncle,  appearances,  cause 

formative,  220 

history  1  f.  clinical,  666 

of  crater-like,  177 

-,.  sarcoma,  J06 

locality,  663 

columnar  ad i|xjs.r  In  176 

muscular,    |iroliferalkm    in 

medullury,  664 

condition,  gaagn              I 

repair  of  must! 

metastasis  in,  1 

Constitutional    ilisea*- 

plasma*  220 

operation,  mortality  after. 

disposing  to,  175 

slumbering,   in   trod- 

669 

diabetes     predisposing    to, 

pair.  234 

pint's    disease    of    the 

•75 

■  jlaiion  la- 

nipple,  671 

excision,  total,  iSt 

ne, 

pain  in,  666 

1  limiting  extent  of,  1J7 

tissue-,   proliferation  of,  is 

scirrhous,  664 

hair- follicles  in,  176 

imroation,  104 

traumatism  in,  663 

inflammation  of  deeper  tift- 

j,  93.  ir»i 

of  face.  1 

wee,  177 

.  IOC 

scat,  654 

p,  179 

Cephalalgia    in   htdropbotat, 

superficial,  653 

meningitis  from,  I  So 

458 

ulcerations  in,  654 

necrosis  in,  coagulation,  179 

Chemical    stenliratiou  of  tfce 

•if  hind,  656 

peculiarities,  anatomi  ca  1 , 1 7' 3 

skin,  802 

metastasis  in,  656 

siic,  179 

'   hemolaxia,  152 

of  intcMi 

swelling,  features  of,  177 

negaiive,  | 

symptoms,       constitutional. 

of  labia,  657 

•79 

irynx,  6S6 

ifammbosis  of  facial  vein  in. 

vangrtTK, 

of  lip!  met                  656 

180 

Children,  surgical  scarlet  lever 

smoking  ■  came,  655 

treatment,  180 

■■  324 

treatment,  661 

radical,  iSl 

scrofulous,  $94 
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Chill,  307 

of  fever,  307 
Chills  in  pyaemia,  366 
Chloral  in  Ictaliu*,  448 
Chlorides  in  urine,  793 
Chlorine    as    a     disinfectant. 

Chloroform  balsam,  29 
LOBS,  44'.' 

Chlorophyll,  22 

Chondroma,  765 
osteoid,  765,  768 
of  parotid  gland,  768 

Chondrosarcoma,  716 

Cicatrices,   cancer  developing 
in,  660 

Cicatrix,  arterial,  after  ligature, 

253 
tendon,  234 

Cilia,  19 

Circulation  in  inflammation, 92 

Circumcision,  rite  of,  trans- 
mission  of  tuberculosis 
hi,  510 

Cirrhosis,  127 

Civil  War,  hospital  gangrene 
in,  410 

Cleanliness  in  wound-treat- 
ment, 80S 

Clefts,  branchial,  751 

"  Clump-theory,"  845 

Coagulation,  blood,  too 
of  fibrous  exudation,  113 

Coagulation-ni:i*rusi-s  257 
in  carbuncle,  I 70 

after  infective    thrombi, 

147.  »4S 
after  suppuration,  156 
Cocci,   erysipelas,    actio 
sarcoma  of,  735 
pyogenic,  experimental    to 
oculation  in  man,  139 
in  osteomyelitis,  194 
Coccidium  in  cancer,  640 
Cold,  action  of,  9 1 
catching,  1 22,  303 
reaction  from,  304 
Cold  bath,  reaction  from,  304 
to     tre&Uneit]    of    inflam- 
mation, 133 
Collapse,  277 

Color  of  blond    in   inflamma- 
tion, 97 
of  an  inflamed  pan,  1  tl 
Color  picture,  25 
Columns      adipo&e     in    car- 
buncle, 176 
Complexion  in  keratosis,  652 

■user.  Abbe,  j 5 
Connective  tissue,  cancer,  665 

formation,  221 
Convulsions,   tetanic,    in   an 

thrax,  48 1 
Cornea,  leucocytes  in,  1 02 
structure,  102 


Corpuscle,  blood-  (see  Stood- 

corputeles). 
Corpuscles,  corneal,  1 02 

white,  migntfioo  ei.  93 

Corrosive  sublimate,  S02 

as  a  genito -urinary  gormi 
cidc,  S33 
Coi  tun  gloves,  805 
Cover-glass  preparation-.,  26 
Cram-  012 

Craniotabes,  606 
Cranium,    bones  of,  sarcoma, 

717 

Cretinism,  746 

Crimean    War,    hospital   gan- 
grene in,  410 

Croton  oil  producing  suppura- 
tion, 140 

Culture  media,  31 

Culture,  plate,  36 

Curetting    vein    of    sinus    in 
pyemia,  379 

Cushing,  S45 

Cylindroma,  703 

Cystitis,  bacteria  of,  826 
reaction  of  urkie  in,  824 
rote  of  bacteria  m,  823 

Cysta-aikiiuin.i  of  the  breast, 

739 
Cystoma,  74S 
Cysts,  dermoid,  of  the  ovary, 

749 
ovarian,  748 
of  parovarium,  749 

Daughter  star,   karyokine- 

1  219 
Death -rare     of    hydrophobia, 

467 
Deaths  from  snakes  in  India, 

.  .  4^5 

Debility  favoring  rickets,  603 

Decomposition,  22 

Decubitus,  ulcerating,  in    hip 
disease,  536 

Deformities      in     ostitis    de- 
formans, 601 
following  rickets,  606 

Deglutition    in     hydrophobia, 
457 

■  7^7 

I  varian,  749 

Diabetes  predisposing  to  car- 
buncle, 175 

Diapedesis  of   white     blood- 
corpuscles,  93 

Dtairhcea  in  septicemia,  347 

Diphtheria,  relation  of  hospiral 
gangrene  to,  420 

Diplobacillus  of  Fried  lander. 
828 
nt  Mi-r.i\  and  Axenfeld,  8lS 

Diplococci.  21 

Diptococcus  urea  liquefariens. 
827 


Disease,  lacterial  action  in,  37 
germ  theory  of,  17 

Gravi  -':-.  747 

hip-joint,  514,  535,536 

Hodgkin'n.  730 

1'aget's,  of  the  nipple,  671 

ptoro&perms  in,  672 
iw»,  513, 523,  $n 

wool-sorters',  76,  479 
zymotic,  17 

■  s  of  bone,  597 

constitutional,  predisposing 
to  carbuncle,  175 

infectious,  cause  of  ulcer, 
is: 

produced  by  bacterial 

UCta,  37 

Pjpiinfrctwif 1  n    septicaemia, 
354,  802 

.hull         of         MB] 

han  is,  S05 
Dislocation      resulting      fiom 
osteomyelitis,  20b 
spontaneous,  533 
Distention,  capillary,  92 
Drainage  is  .166 

postural,  840 

Dressings  for  wounds,  S 1 1 
sterilization  of.  806 

Dry  blood,  eJ.amm.uion  0^787 
Dryness  of  wounds,  Sto 
Dumb  rabies,  453,  455 
Dyes,  aniline,  26 

acid,  27 

bacterial  relation  to,  t8 

basic,  27 

Ear.  bacteriology  of,  819 

.-4-  rilization  of,  819 
Earth -worm   dissemination  of 
anthrax  spores,  theory 

of,  478 

Eburmtion.  517 
of  bone, 

deformans, 
622 

1  urns,  punctiform,  no 
Elbow-joint  tuberculosis,  539 
I         iation      in     supp 

fever,  328 
Embolism,  262 
air,  298 
fat,  204,  296 

EnialaiOD,  Eu  treat- 

ment .  191 

Enchondroma,  765 

hyaline,  768 
Endarteritis  deformans,  259 
il    repair,    compensa- 
tory. 255 
obliterative,  350 

204 
from  experimental  pycemi; 
360 


862 

INDEX. 

toCttditil  in  pyemia,  360 

Erysipelas,  phagocytosis,  107 

Fermentation,  theory  U  P»- 

ulcerating 

.?92 

relapse,  408 

n    of    blood' 

Ell:                                 ."99 

■d  of,  tendency,  389 

•  321 

goitre,  746 

|  tococci  in,  399 

antiseptics  causing. 

antes,  erysipelas,  381 

entrance,  point  of,  386 

aseptic,  319 

oi  Furunculosis,  173 

seat  of,  384 

bacteria  in,  323 

of  hospital  gtBgi 

•lococcus  of,  382 

chemicals  causing,  }2} 

sric    condiiloi 

reptococcus, 

■ 

feeling,  42c 

ideal 

of  glnnder*,  493 

393 

of  lei 

owing  vaccination,  385 

Epiphy -■■                         in  osteo- 

from '•  irl 

myelitis,  199,  201 

■  y&2 

Cause*,  of.  314 

separation,  201 

wound,  condition  of,  390 

!  3°7 

Epithelioma,  647 

defervescence,  308 

Epulis,  716 

ErythroraelaJjrfa,  ^7.  275 

Ergotism,  271 

Euphoria,  348 

due                              heav 

Erupiioi                   ma,  347 

Exsnthemata,    metastatic    in- 

elimination, 308 

Erysipela>,  38] 

flammation  of  joint?  in, 

increased    heat    prud ac- 

402 

543 

tion,  309 

symptom-..  3SS 

atment  of  tendon- 

fasligium. 

cerebral,  440 

1th    tul-ClCU! 

heat  1                     in,   canto 

following,  392 

S93 

of.  311 

treatment,  403 

769 

1  c.in  tuberculosa 

carbolic  acid  in,  400 

iodoform  cau.- 

iron  in,  u*c  of,  404 

•aibiuatiual,  770 

nerve-ad 

of  wound  in,  407 

iooc  in  actihomyco- 

neurotic  theory  of.  314 

Erysipelas,    action, 

474 

puerperal,    and    cnupcUs, 

390 

Exudation,  109 

cancer  of  rectum  relieved 

cause  of,  explanation,  113 

scarl                      .  323,  324 

by,  30S 

in  inflammation,  94 

1 

on     malignant     growths, 

inflamniatory,  nana  of, 

origl                 gka]  ca*o, 

734 

5*3,  326 

cause  of  constitutional  dis- 

secon 

turbance.  jSj.  30J 

cancer  of  (a 

cocci,  action  on  sarcoma  of, 

erysipelas  of  'he.  394 

stage                    -.308 

435 

tnbercttloaii  01,  528 

suppiualiv 

a  complication    in    hospital 

Fair  ' 

cmyloid       degencrttkw, 

gangrene,  4^7 

Fallopian    tulvs    .1    source  of 

condition    of    the    d 

.i:..nitis. 

pathological.  398 

569 

condition.                   ■-  ng  to, 
atmospheric.  387 

tuberculosis  of,  573 

leui  • 

Farcy,  485-494 

opei                  }3o 

ceoftM               '■  385 

Farcy -buds, 

tempera  tui 

disturbance,  gastric,  400 

Fascia  limiting  extent  of  car- 

treat 

duration  of,  390 

bunclc,  177 

symptoms  of,  307 

of  epidermis,  3S1 

Fal-emboiism,  204,  296 

el  die 

facial,  394 

Fat  in  staining  badteri 

wound,  318 

lachrymal    ducts  a  start- 

removal of,  29 

gangrene,  265 

ing-point.  395 

in    pus    of    oateomyetitia, 

temperature.  3 '7 

meningitis  following,  396 

204 

tin  a,  exc  ri 

puerperal  fever  and,  3S6 

Fatigue,  meaning  of,  2S3 

urethral.  124. 

habitual,  390 

a  sck,  761 

■ 

hemon-hage  in,  399 

Feces,  exam                     795 

inflamimUitm    of   skin     in, 

.  167 

V33 

388 

cutaneous  form,  168 

Fibrin  formation  in  mflawi— > 

inflammations,      malignant, 

incision  111  case  of,  170 

tton,  10S 

393 

character  of  pain  diagnostic 

Fibroadenoma  of  the  brass. 

influence,  curative,  400 

as  to  form,  169 

738 

inoculation  experiments,  3S2 

periosteal  form,  169 

"ma,  763 

of  mucous  membranes,  397 

reaching    to     the     tendon- 

-lipoma,  761 

neonatorum,  388,  396 

sheath,  169 

•myoma,  775 

em  of  glottis  in,  308 

treatment,  170 

Fihro-bbusts.  220,  224 

patient,  isolation  of,  40S 

Fermentation,  23 

Fibrorr. 

INDEX. 

863 

i  -ma  molluscum,  754 

Gangrene,    diphtheritic    form 

Gemlo-urinary  system,  bacte- 

multiple, 754 

of,  421 

riology  of.  Baa 

nasu-pliaryiigi:al,  ~}yi 

emphysema,  207 

tuberculow  . 

papillary,     mtr.icanalieular. 

tibial  arterv,  262 

Germ- theory  of  disease,  17 

73* 

ergotism,  271 

Gentian-violet,  27 

of  skin,  multiple,  754 

foudroyante,  267,  394 

Giant-cell  formation,  219 

*>ft>  757 

frost-bite  a  cause  of,  268 

Giant  cells      as      phagocytes, 

Field  of  operation,  stc  riliuuiuii 

fulminating,  267 

107 

of,  S04 

hospital,  409-433 

in  sarcoma,  706 

Fistula  in  ano,  567 

amputation  in,  433 

in  tuberculosis,  59,  505 

Fistula,  bone,  after  osteomye- 

at Andersonville,  41 1 

Gigantism,  615 

litis.  214 

atmospheric      conditions 

Gland,  parotid,  chondroma  of. 

defined,  190 

affecting  epidemics  of, 

70S 

treatment,  191 

420 

thymus,  relation  of,  to  acro- 

Krause's emulsion  in,  191 

in  the  Civil  Wai , 

megaly,  615 

Fontanelles  in  rickets,  606 

contagiousness,  418 

Gland -ducts,  sudoriparous,  the 

Foreign  bodies,  location  of,  by 

in  the  Crimean  War,  410 

.  nuance  gates  of  infec- 

x-rays, 797 

diagnosis,  429 

tion,  172 

^aldehyde,  803 

discharge  in,  425 

Glanders,  485-494 

tormalin,  803,  814 

erysipelas  a  complication, 

acute,  487 

as  a  disinfectant,  S05 
Formalin-gelatin)  S03 

427 

bacillus  of,  6t 

fbnm  of,  420-422 

changes     in,     pathological, 

Fracture  of  bone,  callus  after. 

hemorrhage  in,  425 

489 

2*5 

incubation  of,  period,  420 

epidemics,  493 

histological   changes  fol- 

joints as  affected  by,  426 

laws  concerning,  493 

lowing,  246 

micro  organisms  in,  415 

infection,  method  of,  486 

spontaneous,  207 

mortality,  430 

in  man,  487 

from  bone-necrosis,  200 

1  ii  in  inti.-f .-non    of  wounds 

mucous  membrane  in,  488 

in  bone  sarcoma.  714 

in  »nme  person,  419 

nodules  in,  490 

Fractures,  x-rays  in,  797 

post-mortem  appearances, 

prognosis,  491 

Fragilttas  ossium,  610 

429 

transmission  in  utero,  486 

Frog's  tongue,  passive  hyper- 

prognosis, 430 

Glands,    lymphatic,  prognu 

emia,  study  of,  Sg 

pulpy*  4*4 

of  tuberculosis  of,  588 

Frost-bite     a    cause    of    gan- 

relation to  .lijibtheria,  420 

mesenteric,  tuberculosis  of. 

grene,  268 

study     of,     microscopic. 

570 

treatment  of,  269 

416 

scrofulous,  585 

Furuncle,  172 

synonyms,  409 

Glioma,  763 

Furuntulosis.  174 

temperature  in,  426 

Gliosarcnma,  707 

epidemics  of,  173 

treatment,  430 

Glottis,  oedema  of,  in  erysipe- 

bromine in,  432 

las.  ] 

GaLL- BLADDER,     bacteriology 

carbolic  acid  in,  433 

Gloves,  operating,  805 

of,  S42 

nitric  acid  in,  431 

li.ul.l,  S03 

iioid  invasion  of,  843 

ulcerating,  423,  424 

Goitre,  743 

Gall-stones,  relation    of    bac- 

infection in,  bacterial,  266, 

epidemic,  746 

teria  to,  844 

267 

exophthalmic,  747 

Ganglia,    perivascular,  in  ac- 

intoxication in,  septic,  428 

Gonococcus,  50 

tive  hyperemia,  82 

moist,  260 

in  cystitis,  828 

paralysis  of,  87 

mummification,  260 

diagnosis  of,  52 

Gangrene,  256-276 

neuropathic,  256 

in    endocardilic    and  meta- 

ainhum terminating  in.  275 

noma,  270 

static        inflammation, 

amputation  in,  263,  433 

senile,  260 

52 

bacteria  in,  266,  267 

symmeti  ic.il,  272 

growth,  51 

bed-sore,  271 

chilblains    mistaken    for, 

Gonorrhoea  a  factor  in  spread 

carbolic,  275 

273 

of  tuberculosis,  575 

causes  of,  256 

symptoms:  of,  262 

Goose-flesh,  303 

arterial  changes,  258 

traumatic,  265 

Gram's  method,  27 

arterial  injury,  265 

ulceration    in,    phagedenic. 

Granulation,  healing  by,  225 

extravasation     of    urine, 

424 

tissue,  157,  226,  228 

270 

Garden  soil,  bacilli  of  tetanus 

Granulations,     carcinoma    in 

mechanical  action,  256 

in,  436 

the,  osteomyelitis,  208 

putrefactive  changes,  266 

Gastrostomy,  685 

Graves's  disease,  747 

vaso-motor      disturbance, 

Gelatin,  34 

Grawitz,  slumbering  cell    the- 

274, 

Generation,  spontaneous,  17 

ory,  105 

demarcation  in,  line  of,  260 

Genitals,  route*  of   infection 

Greeks,  sepsis  and  asepsis  of, 

diabetic,  264 

by  bacteria,  S28 

785 

864 

INDEX 

H  m:  i  ni  t. ici.es  in  carbuncle, 

Hydrophobia,  incubation  pe- 

in   wound    tmt- 

176 

riod,  455,  450 

uient,  fill 

Hand,  callosities,  the  starting- 

a    in,     protective. 

i>2 

points  of  ab&ct-1-,  17' 

'-• 

phagocyte,   theory   of,  «A 

cancer  of,  656 

medulla,  change*  in,  463 

107 

metastasis  in,  656 

melancholia,  456 

tn  tetanus,  45 1 

Head  tetanus,  441 

nerve-centres  as  affected  in. 

•  dical,  165 

mortality  of,  442 

462 

Healing  by  first  intention,  222 

paralytic,  459 

iruac  rrrftsn 

ition,  225 

jij-'xy-m,  460 

motion,  166 

by  second  intention,  225 

.qjpea  ranees. 

Indican  in  urine,  7.,! 

by  third   intention,  232 

455 

1  in  bone-tubercalo- 

Reut,  ;i  h-.L-c---.es  of,  metastatic, 

saliva,    increased    M 

in  pyemia,  376 

of,  458 

•  73 

Heat-cjuiliitnutii,  302 

sexual  excitement  in,  459 

bactci                   'grene.  266, 

1  kat,  metabolism  .1  source  of, 

spasm  circulatoire,  458 

267 

3<H 

si.m-.iu-.   of    Pastern 

entrai 

rouh    gland-'  b 

as  3  symptom  of  inflamma- 

tutc, 468 

tion,  115 

swallowing  in.  difficulty  of. 

J?2 

in  the  treatment  uf  inflam- 

457 

mation,  133 

tempentVN  in,  459 

roia.  343 

Heat                     from  glandu- 

treatment, 464 

of    glanders,    method    ni. 

lar  activiu , 

intensive  method,  466 

in  fever,  causes,    1 1  1 

prophylactic,  4&4 

■r,    in    pyaonm, 

in  health,  304 

pi.  .i 

36f 

in  inflamed  part,  115 

511 

through  the  nerves,  305 

virus,  modification  of,  464 

mixed 

Hematuria,  791 

virulence    of,    increased, 

■ 

Hemorrhage  in  erysipelas,  399 

465 

in  pj                          )6t 

in  hospital  gangrene,  4-'^, 

Hydrops  articuli,  543 

enuring  ihock, 

Hygmma,  590, 

through  uiuniuxcd  tkil 

symptoms  of,  2N0,  206 

Hypcreemia,  active,  79 

an  early  symptom  of  cancer 

blood -flow  in.  increased, 

10.  39 

of  the  litem*,  676 

80 

in  tuberculoair 

Hereditv  in  cancer  of  breast, 

caused  by  reflex  action,  84 

663 

changes  in,  80 

chenn* 

of  uterus,  673 

cfaari                  ■  vaso- mo- 

cal, a  caus 

of  tuberculosis,  508 

tor  system,  81 

125 

Herpes  due  to  trophic  nerve*. 

collateral  innrrvalio-. 

126 

,IJ3 

paralysis 

attraction  ilieory 

Hip  disease,  decubitus    in,  ul- 

lots, 82 

■!>a    in,    ca 

cerating,  536 

perivaicnlfti  ganglia,  8a 

Willi  out.    122 

Hip-joint    disease,    514,    535, 

ond  infljin                    ibina- 

cause  of. 

536 

tiun,  of,  98 

bloodvessels  in,  92 

destruction  of  bone  tissue, 

cath                    f  distended 

.Wo 

bladd- 

121 

Rodeldn'B  disease,  73° 

follov               ng  for  ascites, 

Hospital  gangTene   (see  G,rn- 

*: 

nits* 

grmt). 

use  of  Esmarch  bandage. 

iKin.  loS 

table  for  patients  in  shock, 

.  87  . 

change  in  vessel-wall,  95 

29S 

of  irritation,  85 

Hot  viv.hi  as  stimulant  of  the 

of  paralysis,  85 

of  the  part,  r  1 1 

constrictor  nerves,  88 

passu 

cornea,  eapcrini' 

bottles,  burns  from.  272 

frog's     tongue. 

Hydrocele  of  neck,  751 

of,  itn,  8g 

mage,  120 

iromctra  in  cancer  of  ute- 

unilateral, cau*c  of,  85 

rus,  675 

I  [ypei 

difTV                                  min, 

Hydrophohia.  453-468 

Hyperplasia  of  bone,  6l9 

166 

cephalalgia  in,  458 

increased  length  of,  615 

dilatation  of  hlood-«' 

age*  in  nervous  system, 

Hyperpyrexia.    ;  1  1 

462 

\  of  breast,  740 

diphth 

death-rate  of,  407 

U'.-Ierfclr.iiiy,  677 

dlSte 

deglutition  in,  457 

etiology,  455 

iCHORRtr.f.MIA.    J$7 

fear  of,  460 

Icterus  in  septicx-mia,  347 

INDEX. 

865 

Inflammation,  escape  of  fluids 

injury  a  cause  of  osteomyeli- 

Joint-tuberculosis,   results    of. 

(ruin  blood- vessels,  108 

lis,  197 

543 

excilor,  96 

Inoculation  experiments,  ery. 

shoulder-joint,  53S 

experiment  with  thermome- 

das, 382 

spasms,  muscular,  533 

ter  in.  Hunter,  115 

in  hydrophobia,  465 

synovitis,  obliterating,  529 

exudation  in,  94 

of   pyogenic  cocci  in  man, 

treatment,       constitutional, 

cciusing  swelling,  Ml 

experimental,    139 

545 

footing   bacterial  develop- 

of the  sktn,  tubercular,  563 

iodoform  in,  548 

ment,  149 

protective,  bacterial,  39 

pi oster-of- Paris  in,  546 

fibrin  formation  in,  108 

Inoculations   in    hydrophobia. 

tumor  albus,  537 

formation  of  stomata  itt  ves- 

preparation  of  cords  for 

Joints,   adventitious,  in    rick- 

icl-walb, 1 13 

protective,  465 

ets,  606 

function   of    leucocytes   in, 

Instrument-,     Menlizalion    of, 

as  affected  by  hospital  gan- 

106 

Son 

grene,  42S 

heat  as  a  symptom  of,  115 

Intercellular   capillary   devel 

bacteriological  examination 

in  the  treatment  of,  1 33 

opment,  229 

.,!,  7S9 

hemorrhagic,  129 

Intestine,  sarcoma  of,  729 

changes  in,  degeneration  of 

hepatization,  112 

Intestines,  cancer  of,  6S9 

the  spinal  cord  a  cause, 

idiopathic,  125 

Intoxication,  septic,  337 

624 

impairment   of  function  in, 

111  hospital  gangrene,  42S 

in  exanthemata,   metastatic 

"7 

Iodoform,  354,  S03 

inflammations  of, 

infective,  1 35 

in  surgical  asepsis,  790 

most    usually    attacked    in 

due  to  bacteria,  135,  139 

causing  fever,  323 

bone-tul.erculosis,  518 

thiombus  formation,  147 

in  juint-iuberculosis.  548 

111  |  v.emin,  377 

toxic,   products    of    bac- 

use of,  in  surgery,  790 

tuberculosis  af,  529-557 

teria  in,  J  38 

Iron,  chloride  of,  in  erysipe- 

interstitial, 127 

las,  404 

Karyokink-sis,  104,  2t8 

joint,  in  pyaemia,  377 

Itrol,  S03 

daughter-stars,  219 

leeching    affected   area  in. 

Ivory  exostosis,  769 

metakinesis,  219 

132 

mother-stars,  219 

leucocytes,  too 

Jaws,    hysterical    contraction 

Karvuinitosis,  2I9 

nerves  In,  actron  of,  123 

of,  simulating  tetanus. 

Keloid  in  negroes,  755 

non. infective,  126 

445 

Keratosis,  652 

oedema,  collateral,  112 

Joint,  cartilage  in.  767 

complexion  in,  652 

phlegmonous,  162 

elbow-,  tulxrculosis,  539 

rue,  679 

resolution  a  termination  of 

hip-,  disease  of,  535 

Kidney,  in  adenocarcinoma. 

129 

Joint  -  affection      111     pyemia. 

097 

rubor,  symptom  of,  1 IO 

37' 

adenoma  of,  74 1 

serous,  127 

Joint-inflammation  in  pyaemia. 

angiosarcoma  of,  719 

of  skin  in  erysipelas,  388 

377 

cancer  of,  696 

sloughs  in,  162 

Joint-mice,  767 

ma  of,  776 

treatment,  164 

Juint-tuberculosjs,  529 

routes  of  infection  by  bac- 

sthenic, 126 

ankylosis  following,  534 

teria,  829 

swelling  a  symptom,  1 1 1 

true.  534 

sarcoma  of,  718 

symptoms,  cardinal,  1 10 

arthrectomy,  554 

Mtjrical,  332 

temperature,  local  increase 

arihrmpatliic,  529 

Ki'iiLi/v-.  abscesses   of,  meta- 

of, 116 

arthrotomy,  553 

static,  736 

termination  of,  129 

atrophy  1  if  bone,  534 

as  eliminators  of  bacteria, 

tissue-cells  in,    proliferati  m 

caries  sicca,  531 

144 

of,  104 

changes  in  soft  part*.  532 

in  pjremia,  376 

.  action  of,  101 

disturbances,  febrile,  541 

tuberculosis  M,  $8] 

elasticity,  96 

diagnosis,  \\2 

Knee,  resection  of,  556 

treatment  of,  130 

Ibow-jointj  539 

water  on  the,  544 

cold  in,  133 

extension  in.  547 

Knee -joint,    tuberculosis    of, 

tumor,  a  -yniptorn  of.  III 

fixation,  knee-joint,  536 

536 

wandering  cells  in,  101 

mu-.cu.Inr.  540 

Kresol,  802 

while   blood-corpuscles,  in- 

growth of  osteophytes,  533 

crease  of,  99 

i.-.u  in,  541 

I.aiiia.  cancer  of, 

Inflammations,  erysipelas,  ma- 

hip-disea.se, 535 

lactation,  suppressed  ibocki 

lignant,    (1 

mn" 

of  joints,  metastatic,  543 

osteopathic,  529 

Laparotomy  in  tubercular  per- 

toxic, 12 1 

pain  in,  540 

itonitis,  572 

Infusion  of  salt  solution,  299 

lntMKirv  synovial  form,  531 

1   686 

Injuries,  railway,  shock  h 

prognosis,  544 

concussion  of,  290 

=93 
55 

resection,  552,  556 

shock  from  290 

866                                                            INDEX 

Larynx*  papilloma  of,  753 

Lupus,  hypcrtrophicus,  560 

Metastases      in      cancer     of 

sarcoma  of,  726 

maculosus,  559 

mi,  675 

Leeching  affected  area  in  fan 

of  mucous  membrane,  565 

Micrococcus  pyogenes  Icask 

nomination,  132 

ulcerating  form  of,  559 

Leiomyoma  of  stomach,  775 

of  vulva,  574 

tetragenus,  48 

Leon  basis  ass  turn,  612 

Lymphangioma,  781 

Micro-organ:                    nteshf 

Leprosy,  bacillus  of,  64 

ca.vernous,  781 

the  body,  143 

Leucocytes,  appropriation  "i 

\  782 

in  hospital  gangrene,  41 5 

foreign  Iwdies,  103 

lAgftk,  33I 

Micrppfaagi 

bacteria  destroyed  Ity,  106 

Lymphatic  system  in  cancer, 

Middle-eat  Si                      cunt 

in  cornea,  102 

ting                              570 
Migration  ■  •'•  while  ecrpasaav 

in  fever,  suppurative,  329 

I  ymphsJses,  cancer  extension 

forms  of,  104 

through,  645 

function  of,  in  inflammation, 

in  EepCJCKmia,  347 

Milk.                                 509 

106 

tuberculosis  of,  5S5 

Mitosis,  process,  219 

increase  of,  7S6 

microscopic  appearances. 

in  tup                   t  55 

inflammation,   loo 

586 

Mortality  of  head  teunus,  442 

"nuclear,  104 

Lymphoma,  731 

in  hospital  yangrcne,  4^0 

poly  nucleated,  I04 

blood  int  733 

in  jo 

in  septicaemia,  347 

malignant,  730 

of  snake-bit                ^  495 

Leucoeytosis,  100,  J 

BOB  ill,   734 

Of  tetanus,  447 

Leucoma    an   early    Mage    of 

I.vuiji:                     .  730 

Morti 

cancer   of  the   tongue, 

,  Soj 

■  7  77 

678 

Lyssa  falsa  sea  nevrosa,  450 

Mother-stars,        karvokmesav 

Leukrcmla,    inflammatory ,   in 

218 

tHtewnyeiitis,  198 

107 

pscudo-,  750 

tfal  per*  rasa,  185 

palhogemc  bactena  "',$!« 

LigaUH'.-,    arterial,    cicntrix  af- 

Malignant    tissue,    buck 

1  •  253 

ical     exan 

of  art-,  ties,  j;  1-255 

glanders. 

Me,  (54 

1  ta  (see  fi> 

in    gangrene,    line   of  de- 

absceaaea of,  165 

tuberculosis  t>(,  565 

marcation,  260 

tuberculosis  uf,  583 

role  of  thrombus  after,  254 

• 

-    :<vs 

. 

of  an  artery,   organization 

of  thrombus  after,  252 

microscopic  appearances, 

260 

Ligatures,  sterilization  of,  806 

5N4 

<-rs,  buddit 

1 

Marrow,    bone,    pathological 

: 

in  osteomalacia,  597 

change*  in,  616 

wtrcobla 

in  rickets,  deficient,  604 

red,  after  spleen  extirj 

turc  in  tet.ii 

Lip,  cancer  of,  655,  <>>  1 

616 

Muscles    as     heat  j.*- 

metastasis  in,  656 

Mastitis,  chronic,  739 

smoking  a  cause,  655 

Meal  us  urinarius,  disiM 

iub».  1                    593 

carbuncle  of,  179 

of,  830 

Mycosis.  338 

thrombosis  of  facial  vein 

Mechanical      sterilization    of 

in,  180 

skin,  802 

Myelin                     erre-repair. 

Lipoma  arborescent,  592,  623 

a,    regeneration 

'39.X40 

diffuse.  761 

^myelitis,  201 

fibro-,  761 

Melancholia  in   hjdrophobiB, 

1  775 

■  mnta,  multiple,  762 

456 

of  ... 

Lii|ii'  r  |  ori  .  159 

Mosarcoma,  707,  710 

"-rate,  7*6 

Lock-jaw,  438 

Meningitis    from     call 

uf  m 

Lumpy-jaw,  469 

179 

•  of  kidoe) 

Lui                    1   of,  experimen- 

following facial    erysipelas, 

776 

tal,  145 

400 

i'JlM,  764 

contagion    of    tuberculosis 

Metabolism  a  source  of  heat, 

"•rn*.  761 

through  the,  509 

304 

Lungs,  condition  of,  in  actino- 

Met akinesia    in    karvokinesis. 

"59 

mycosis,  474 

2 19 

Myxosarcoma.  707 

conditions  in  osteomyelitis, 

Metastases  in  cancer  of  breast. 

inflammatory,  204 

667 

itaiting-pointi   in   se plica- 

of  hand,  656 

342 

of  lip,  656 

Neck,  adctn 

Lupus,  558 

of  rectum,  692 

586 

development  of,  560 

of  tongue,  680 

ifucelc  of. 

INDEX. 

867. 

Neck,  shock  from  blows  in 

Nerves,  vaso-dilator,  82 

Osteomyelitis,  prognosis,  208 

the,  290 

Neurasthenia  following  shock, 

treatment,  209 

Necrosis,  256 

293 

myelitis,  I93 

bone,  spontaneous    fracture 

Neuroglioma,  764 

abscess  formation,  198 

from,  200 

Neuroma,  771 

amputation  in,  21 1 

coagulation-,     streptococci, 

of  amputation-stumps,  773 

anatomical  seat,  196 

148 

amyelinic,  771 

situation  of,  196 

suppuration,  1 46 

malignant,  772 

bacteria  in,  194 

in  osteomyelitis,  199 

multiple,  772 

blood-clot  in  after-treatment 

ill  of  suppuration,  199 

plexiforrn,  772 

of,  215 

total,  199 

Neuromata  after  nerve  section. 

bone -chip*  in,  tl6 

phosphorus,  61 7 

241 

in  after-treatment  of,  216 

carious  teeth  a  cause  of, 

Neuro-paralysis,  277 

bone  fistula  after,  214 

617 

Nipple,    disease   of,    Pagel's, 

carcinoma  in    the  gianula- 

match-making,   cause  of, 

671 

lions,  20S 

6.7 

Noli-mc-taiigere,  654 

cartilage,      epiphyseal,     in. 

symptoms,  618 

Noma,  270 

199,  20 1 

treatment,  619 

bacteria  in,  270 

comes  of,  |                 . .  197 

a  sequel    of    osteomyelitis 

Nose,  bacteriology  of,  820 

cavity  after  removal  of  ne- 

207. {SccCoagtt/ttfi.  a  | 

sterilization  of,  821 

crosed  bone,  201 

Necrotic  tissue,  treatment  of, 

Nucleus,  219 

compact  hone  not  affected. 

809 

disappearance    after    death, 

I9| 

Negroes,  keloid  in,  755 

257 

dislocation    resulting  from. 

Nephrophthisis,  581 

Nutrition,  process   of,  inflam- 

20S 

Nerve-action  in  fever,  313 

mation    a   disturbance 

eburnation,  208 

in  urc  tnr.il  fever,  332 

of,  119 

endocarditis  in,  204 

Nerve-cells  in  repair,  24I 

epiphyseal  line  the  seat  of, 

Nerve-centres    as    affected    in 

Odontoma,  770 

[96 

hydrophobia,  462 

Odor   of    breath    in   pyaemia, 

variety,  203 

2S4 

3G9 

experimental,  194 

Nerve-changes  in  tetanus,  444 

Odors,  foul,  cause  of  septicae- 

fat in  pus  of,  204 

Nerve-degeneration  after  sec- 

mia, 343 

flat  bones,  203 

tion,  236 

<  Edema,  coUaieral,  88 

followed    by  acute  suppura- 

Nerve-exhaustion   in     shock, 

inflammation  in,  112 

tive  uthritn,  205 

283 

of  glottis  in  erysipelas,  398 

formation  of  new  bone,  200 

Nerve-grafting,  243 

malignant,  bacillus  of,  67 

grave  type,  206 

Nerve-injury  a  cause  of  tela 

clinical  examples,  163 

infection,  entrance  of,  195 

nus,  435 

pueudo-,  bacillus  of,  69 

inflammatory  conditions  in. 

causing  shock,  286 

CEsophagectomy,  6S6 

204 

Nerve-irritation  111  shock.  28 1, 

(Ksophagus,    cancer  of,    684, 

leucaemia  in,  1 

2S3 

685 

use  of,  ii; 

Nerve-operations,  plastic,  24; 

stricture  of,  6S5 

involvement  of  tl 

Nerve  -  paralysis,      facial,    in 

Omentum,  tuberculosis  of,  570 

multiplex,  202 

head-tetanus,  442 

Operation,    Porto's,  in  ostitis 

necrosis  in,  199 

Nerve-repair,  lime  of  regener- 

deformans, 602 

Of  suppuration 

ative  changes,  239 

Operations    for   cancer,  682, 

in.  loo 

myelin  »heatfa  in,  239,  240 

693 

a  sequel  of,  207 

vicarious  sensibility,  238 

Ossification  of  bone-callus,  247 

total,    I99 

Nerve-section,          neuromata 

Osteoblasts,  bone,  246 

riutn                    itt,  197 

after,  24 1 

lasts,  598 

operation  for,  time  of,  211 

prognosis.  241 

Osteoid  chondroma,  765,  768 

operulmiii  in,  210 

symptoms,  clinical,  241 

sarcoma,  716 

pus  in,  I08 

Kerre-eutare,  342 

<  Meumn»769 

pyogenic  cocci  in,  194 

Nerve-tissue  of  brain,  repair, 

■pmngtenin,  770 

regeneration  of  the  medulla, 

242 

1  Nt.-nmalttcia.  597 

201 

from    pre-existing   tissue, 

chemical    changes  in    bone 

resection  in,  212 

.,          ■* 

in,  599 

separation    of    sequestrum, 

Nerves,  action  of,  in    inflam- 

lime-salts of  bone  absorbed 

213 

mation,  t21t 

in.  597 

septicemia  and  pyemia  in. 

constrictor,    hot    water    as 

medullary    tissue    of    bones 

202 

stimulant  of  the,  88 

in.  598 

sequela?,  207 

henl-production  through  the, 

puerperal  state  influencing. 

centra  of  bom  in,  199 

JOS 

600 

Staphylococci  in.  1 04 

trophic,  herpes  due  to,  123 

Osteomyelitis,  diagnosis,  206 

staphylococcus       pyogenes 

vaso-constrictor,  82 

etiology,  194 

aureus,  194,  195 

B6S 

!M 

O&teomv                   ^ring-point 

Peptones,  pr 

Post-mortem    appearance*   m 

.bits   with 

*°3 

ited  wiili,  468 

trephining  in,  21 1 

Periostitis  628 

349 

typhuir!  bacillus  m.  ly6 

acute.  Dag 

sc  of.  196 

albuminosa,  630 

Postural  drainage,  S40 

Qrteopfa]                 !•    of,    in 

non  raj  punitive,     chronic, 

tuberculosis,  533 

fir|0 

.    | 

609 

treatment,  63 1 

tub  1                >24 

610 

tubercular,  569 

Puuli 

lacunar  absorption  in,  610 

Peritoii. 

133 

,  61 1 

poetry,  498 

tuberculosis,  570 

Peri  ton                        gy    of, 

( teteosarcoma,  7  1 2 

Ostitis  deformans,  61 3 

fibrinupurulent,  836 

; 

boiK                      014 

hen                  S36 

-77 

change*  in  bone,  che mi- 

mycotica, 836 

152 

'5  v 

ni  medull  ny  tissue, 59S 

seropuiuk'iil,  836 

■  unities  in,  60I 

tubercular,  569,  570 

influence    of     puerperal 

a  tube*  1  source 

.  18 

,  600 

of,  569 

. 

operation  in,  Perm's.,  602 

laparotomy  in,  57- 

■ 

progni  ti  .  1    1 

Permanyanatc    ol 

in  lynipl           734 

symptoms,  600 

8O3 

treatment,  602 

Petri  <!i>h,  36 

tJt                       is,    rellex, 

Pliagi.                                  DBttPltyi 

*S° 

600 

40 

•  73° 

tubercular,  516 

of  M                     .40 

•in* 

Ovtriflff*  tttbercula       1.  576 

Phagocytes. 

525 

Ovary,  cysts  of,  74.8 

macro-,  107 

: 

dermoid,  749 

.  41 

QBfl  iMl.L  Of,    775 

an  explanation  of  immunity, 

Ptoa                              »<f4icar- 

<  >\alic  acid,  803 

107 

-  34* 

Oza-na,  tuberculous,  566 

erysipelas,  107 

Pus,                              -d  bene, 

Pharynx,   bacteriology  of,  81: 

200 

Pacchionian  bomes,  752 

DM    Of,    728 

Puget'N    dfaePHfj    I'w'K'MLiuih 

Pblogosin,  141 

cmia,  363 

in,  672 

Pboaphonu  m  ncketa,  609 

1  C 

Pain  in  cancer  of  breast,  666 

Pigeon  breast,  607 

burn  ■                       tn    pth—r 

in  joint-tuberculosis,  540 

Placei 1 

abecesKS,    course    U, 

rheumatic- like,  in  shoulder- 

Utroagh  the,  75 

171 

joint  tuberculosa 

Plasma  canals  in  capillary  de- 

Pal                      trcoma  of,  72S 

velopment,   230 

laudable,  160 

Papilloma,  751 

culls-,  220 

19$ 

of  larynx,  753 

-  204 

villous,  of  bladder,  752 

of      joint-tuber 

Paralysis,     facial    nerve,     in 

546 

ml,  160 

head-tetanus,  442 

Plate  culture,  36 

iilc.   140 

of  perivascular  panglia,  87 

Plethora,  79 

tulx  1 

hypersemia  of,  86 

Pleura,  bacteriological  exam* 

Willi-  1                    .  140 

neuro-,  277 

ination  of,  789 

1 

reflex  vaso-motor,  in  shock. 

Pleurosihotonos,  441 

malignant,  479 

279 

Pneumonia     caused     experi- 

Parovariuum cysts,  749 

mentally    by    infection 

378 

1  -xysm,  hydrophobia,  460 

of  aureus,  145 

prognosis. 

Pasteur,    fermentation   theory 

in  pyiemia,  375 

.  306 

of.   23 

Polyp,  nasopharyngeal,   727, 

treatment  of  rabies,  464 

757 

Pyaemia,    abvccsacs   kn,  mm- 

Pasteur      Institute,    statistics, 

Port-wine  marks,  777 

3***  37* 

468,  469 

Post-mortem    appearan 

miliary.  363 

"-  ccani  humor,*1  113 

actinomycosis,  471 

bad  en  a  nf,  359 

Penis,  cancer  of,  657,  661 

in  anthrax 

Ollt  in  pus  159 

in  li<                           .  429 
of  hydrophobia,  46a 

in  py;vnnc  urine,    370 

INDEX. 

869 

J'vxrnia,  brain  in,   376 

Repair  in  granulation   tissue, 

Salt  solution  as  a  gmitu-u  rl 

ith  in,  odor  of,  309 

:  .ir  loops  in,  228 

ary  germicide,  8U 

chtlls  in,  366 

muscle,  235,  236 

tafindoo  of,  299 

chronic,  374 

sarcoidosis  in,  235,  236 

Sapraemia.  337 

curetting  vein  of  sinus  in, 

nerve-cells  in,  241 

symptoms,  343 

379 

nerve,    myelin    sheath    in, 

Sarcoblasts  in  muscle-repair, 

endocarditis,  360 

,  239, 

235.  *36 

in  ulcerating,  365,  372 

time       of       regenerative 

Sarcoma,  702 

experimental,  358,  359 

changes,  239 

action    of    erysipelas    cocci 

heart  in,  376 

vicarious  sensibility,  238 

of,  73s 

history  of,  356 

the  scar,  224 

alveolar,  705 

hypenesthesia,  370 

HVOnd  intention,  225 

of  bones  of  cranium,  717 

infection,  intravascular,  364 

tendon,  232 

changes  in,  retrograde,  70S 

route  of,  361 

blood-clot  in,  233 

chondro-.  716 

inflammation  of  connective 

slumbering  cells  in,  234 

Cohnhmm<  theory  regard- 

tissue in,  377 

ihini  intention,  232 

ing.  703 

influenced  by  age  and  sex, 

•  a   rilHttr-OtllHi   process,  104 

etiology,  703 

366 

•  ular,   229 

giant-cells,  706 

by  seasons,  365 

Resection  in  joint-tuberculosis, 

me  1  astatic,  708 

joint-affection  in,  371 

,  552,  556 

organisms  hi,  704 

joint-inflammation  in,  377 
kidneys  in,  376 

of  knee,  556 

osteo-,  712 

in  osteomyelitis,  212 

osteoid ,  716 

in  osteomyelitis,  202 

Respiratory  centre,  action    in 

periosteal,  544,  7  1 1 

pneumonia  in,  375 

hydrophobic  paroxysm, 

pigment,  multiple,  7*1 

post -mortem      ap|x:arances, 

461 

pigmented,  7°7 

375 

organs  in  elimination  of  bac- 

prognosis, 724 

puerperal,  373 

teria,  145 

round -cell,  large,  705 

pus  in  the  blood  in,  363 

Ribs,  caries  of  the,  525 

spindle-cell,  central,  713 

in    the    thoracic  duct  in, 

tul trm In,-. i.s  of,  526 

treated   by  streptococcus  of 

364 

Rice-bodies,  590 

erysipelas,  734 

spontaneous,  364 

Rickets,  603 

of  the  air-passages,  725 

temperature  in,  367 

appearances  of,  microscopic, 

of  bladder,  719 

thrombosis  in,  361 

605 

of  bone,  712 

thrombo-phlebitis  in,  361 

bones  most  affected  in,  608 

central  round-cell,  714 

urine  in,  370 

cartilage-celh  in,  605 

spindle-cell  of,  713 

wounds      predisposing     lo 

change  in  disposition,  60S 

spontaneous    fracture    in. 

puerperal     septicaemia. 

changes     in,     pathological, 

7»4 

343 

604 

of  brain,  729 

Pyocyaneus,  47 

craniotabes,  606 

of  breast,  723 

Pyogenes  aureus,  Sot 

debility  favoring,  603 

malignancy,  724 

Py  ok  tan  in  in  cancer,  700 

deformities  following,  606 

of  intestine,  729 

Pyuria,  792 

distribution,  604 

of  kidaty,  718 

fecial,  604 

of  larynx,  726 

Rabies,  453 

font&nelles  in,  606 

of  nasal  passages,  727 

il,,llll,i  453*  455 

joints  in,  adventitious,  606 

of  pharynx,  7  28 

furious,  453.     ^Sec  Hydro- 

lime-salts in,  deficient,  604 

of  Miifi  palate.  728 

phobia.  ) 

phosphorus  in.  609 

of  stomach,  729 

Ray- fungus,  469 

prognosis,  608 

or  testis,  721 

Rectum,  adeno-carcinoma  of, 

thickening  of  ends  of  bones, 

nf  tonsil,  725 

691 

605 

Of  uterus  720 

cancer  of,  690 

treatment.  609 

tMfct,  716 

Kraske's  operation,  693 

RJstU  sudonicus,  439 

pigment,  multiple.  711 

sterilization  of,  831 

Routgen  ray*  in  surgical  diag- 

Sardonic  grin,  439 

stricture    of,    from    cancer, 

Scarlet  fever  (ice 

692 

■  ,  rachitic,  607 

surgical,  liability  ul  chil- 

tuberculosis of,  568 

Rubber  gloves,  805 

dren  to,  324 

Renal  calculi,  x-rays  in,  798 

f,  symptom  of  inflamma- 

Scar-tetanus, 435 

Repair,  arterial,  compensatory 

tion,  1 10 

5  1  luck-pneumonia,  1 23 

endarteritis,  255 

Rupture,  muscle,  in   tefUUD, 

Scirrbus  cutis,  651 

of  arteries,  250 

439 

(ilia,  bacteria  in,  594 

bone,  245,  249 

lone  disease  in  relation  to 

lime  cartilage  in,  249 

SACRO-II  1AC  SVNCK.iMiRONlS. 

tuberculosis  ;  1 5 

of  brain  nerve*tJ5eue,  242 

tuberculosis  of,  528 

Scrofuloderma,  561 

first  intention,  223 

Salicylic  acid, 803 

Scrotum,  cancer  of.  658 

vascular  loups  io,  233 

Salol,  834 

tar  and  paraffin  in,  659 

870 

INDEX. 

Sea- voyage     in     tuberculosis, 

Shock,  local.  288 

Snakebite,  antitoxic  iennu 

580 

mental  emotion  a  cause  of, 

S"3 

Section,    nerve,    degeneration 

292 

changes    following,    pstbo- 

after,  238 

condition  in,  294 

logicaJ,  499 

neuromata  after,  241 

nature  of,  279 

mechanism  of,  497 

prognosis,  241 

nerve-centres  in,  284 

mortality  of*  in  India,  495 

Sepsis    and    asepsis    of    the 

ncrve-exhausiiun  in,  283 

stimulants  in,  501 
symptoms,  498 

7#5 

using,  286 

Septicaemia,  diagnosis,  353 

ntrvc-irrilation    in,  degrees 

treatment,  500 

symptoms,  343 

..I.283 

strychnia  in,  50a 

treatment.  353 

mechanical,  283 

nm  of,  action,  497 

alcolml  in,  354 

pneumogaMik. 

Snakes,  death  from,  in  India, 

Septicaemia,    a    bacterial    dis- 

neurasthenia following,  293 

49$ 

ease. 

over-stimulation  of  nerves. 

496 

bacteria  in,  337 

iSj 

Spasm,    mtneel                    nt» 

cau.'-e  of  foul  odor,  a,  343 

pain  in,  291 

533 

plum  at  lies  a,  342 

.-al  picture,  278 

Spasmotoxin,  55 

trauma    a    predisposing, 

from  railway  injuries,  293 

438.  437 

34' 

reflex  vasomotor  paralysis, 

.  rnatoede,  J 

diarrl."  a  in.   '47 

279 

Spin 

disinfectant!)  in,  354 

semilunar  ganglion,  289 

Spinal -cord     degeneration     * 

entrance  of  poison,  34 1 

stimulants  in,  299 

oat   of  changes  in 

eruption  in,  scarlet,  347 

suppressed  lactation,  294 

,  624 

ria  in,  u£ 

temperature  in,  294 

794 

genilu-nri!)                    'H.343 

torpid  form,  286 

la,  21 

icterus  in,  34" 

varieties,  286 

■ 

lem                     J49 

vaso-motor  theory  of,  280 

lungs  starting-points  of,  342 

vomiting  111,  204 

lymphatics  in,  347 

Shoulder-joint,  tuberculosis  of. 

Spores,  bacillus,  asilhi 

,  202 

538 

ai  1  th  rax ,                        iivenu- 

nivchlis       a       M 

canes  sicca  in,  538 

nn'i                            ma. 

!  for,  342 

SiKt-r  nitrate  in  genitourinary 

post-mortem       appearances, 

tnicide,  833 

llalJOU,  21 

349 

Sinuses,  curetting  the,  in  mid* 

Spnla,  staining  fas  thebaalh 

puerperal,  343 

die-ear  suppurat 

spontaneous,  3 

Skiagraphy    in    sutgica 

Slam  ■                                                ,  26 

temperature  in,  346 

■  79° 

removal    of   hemoglobin 

Sequestra  of  bone  in  osteomy- 

Skin, actinomycosis  of,  475 

1  fat  111,  99 

elitis  199 

cancer  of,  652,  660 

sport 

ucstrum,  separation  of,  in 

deep-seated,  649 

■  the  liauTIi   uf  tu- 

osteomyelitis,  213 

superficial,  650 

1  HIS,  £39 

carcinoma  of,  648 

•  f  syphilis,  S50 

logSadi 

in  ©>i 

of  tetanus,  S46 

D  of.pep- 

of  tuberculosis,  S49 

fibroma  of,  multiple,  754 

146 

Shock,  277 

iofed 

albn 

diagnosis 

111!                                        sJO 

oertu  aluua,  26, 45 

pre 

infl.ii                       in  erysipe- 

flav 

symptoms,  296 

las,  388 

epidi                          "90 

treatment,  297 

inoculation,  tubercular,  561 

py1"-              45 

cnemala  in,  299 

pigmentation,  90 

Shock,  Ige  influencing,  293 

sterilization  of,  Soi 

myelitis,    194, 

from  blows  in  the  neck,  290 

surgical     bacteriology     of, 

from  bums,  290 

800 

cioreus,  45 

causes  of,  2S8 

Skin-grnfting,  189 

celts  of  Cord  in.  285 

558 

-,  45 

:    of  larynx, 

treatment, 

Sterilu 

.  128 

hemorrhage  causing,  2S6 

in    phlegmonous    in- 

of ear,  B  1 

ills,  tabic  for  patients 

flammation,  162 

fractional 

in,  298 

Slumbering  cell    1' 

.  813 

infusion,   299 

of  t 

'87 

Smoking,  a  cause  of  lip  can- 

"ii   in  pneunmgastric, 

Sol 

281 

Snake-bite,  495,  503 

StflU 

INDEX. 

87I 

Sterilization  of  urethra;  830 

Surgeons'  hands,  disinfection 

Tendon-sheaths  infected  from 

of  vagina,  83 1 

or,  805 

a  felon,  169 

of  vulva,  8ji 

Surgical  bacteriology  of    kin. 

tuberculosis  of,  589-593 

Sterilizer,  Arnold,  32 

Boo 

Teratoma,  749 

Sternum,  tuberculosis  of,  527 

diagnosis,  bacteriological  ex- 

Testicle, cancer  of,  698 

Si  1  mutants  in  shock,  299 

amination  in.  78S 

tuberculosis  of,  576 

in  snake-bile,  501 

blood-examination  in,  786 

castration  in,  580 

Stomach,  cancer  of,  688 

examination  of  feces,  795 

relation  of  trauma  to,  577 

leiomyoma  of,  775 

Rdntfli  n  rays  in,  796 

symptoms,  578 

sarcoma  of,  729 

scientific  aids  to,  785 

Testis,  adenoma  of,  74a 

Streptobacillus      antbracoides, 

Spinal  puncture  in,  794 

myosarcoma,  776 

827 

urinary  conditions  in,  790 

sarcoma  of,  721 

Streptococci,  21 

kidney,  826 

Tetant.  bacillus  of,  53,  435 

action  of, in  .suppuration,  I46 

Suture,  tension  from,  causing 

Tetanin,  55,  436 

on  ihe  tissues.  146 

aseptic  fever,  323 

Tetanotoxin,  55 

in  coagulation-necrosis,  14S 

nerve,  342 

Tetanus,  434-452 

in  erysipelas,  382,  383, 384, 

Suiuri--.  rtuilixstiaii  1  .t.  8oti 

diagnosis,  444 

399 

Sweat-glands,     adenoma     of. 

prognosis,  447 

point  of  entrance  in,  3S2, 

650,  740 

scro-thcrapy  in,  S46 

3&& 

Sweating  in  defervescence,  3 1 1 

lymptoaou*,  438 

seat  of,  384 

Swelling    in    inflamed   OCgaDS, 

treatment,  448,  804 

in  treatment  of  sarcoma. 

causes,  1 12 

antiseptic,  449 

734 

a  symptom  of  inflammation. 

blood-serum  in,  45 1 

erysipelatis,  53 

ill 

Calabar  bean  in,  448 

pyogenes,  46 

3]  ooope,  296 

ml  in,  44S 

Streptococcus      pyogenes     in 

Synovitis  following  erysipelas, 

chloroform  in,  449 

cystitis,  826 

392 

vapor  hath  in,  450 

Stricture  of  oesophagus,  685 

oblitcrative,    in    joint-tuber- 

Tetanus, acute,  437 

of  rectum  from  cancer,  692 

culosis,  529 

age  in  relation  to,  437 

Structure  picture,  25 

Syphilis  bacillus,  65,  66 

antitoxine,  451,  804 

Struma,  743 

Lustgarten,  66 

bacilli  in  garden  -■  d.  436 

Strychnia-poisoning  simulating 
tetanus.  445 
in  snake-bite,  502 

sero-therapy  of,  S50 

bacillus,  when  found,  436 

Syringomyelia,  764 

caused  by   eating    infected 

flesh,  436 

Styronc,  S03 

TABRS  mesenterica,  570 

cephalic,  442 

Sugar  of  the  blood,  7S7 

Tar  and  paraffin  in  cancer  of 

chronic,  441 

Sulphates  in  nrmfi,  794 

'11  in,  659 

epidemics  of,  437 

Sutpho-naphtol. 

Teeth,    carious,  a   cause  of 

frequency  of,  in  the  tropics, 

Suppuration,    129,    135,  155- 

p  hos  phor  us  -  necrosis. 

434 

161 

head,  441, 

action  of  streptococcus.  146 

Temperature,  bacteria  in,  22 

facial -nerve     paralysis    in. 

bacteria  in,  frequency,  139 

body,  inequalities  in,  ^02 

4-*a 

number  of,  necessary   to 

regulation,  302 

441 

cause,  1 37 

constant,         by       chemical 

hysterical      contraction     of 

peptonizing  action  of,  a 

changes    resulting     from 

jaws  simulating,  445 

erase  "f.  155 

nerve-action,  307 

immunity  to,  451 

coagulation  -  necrosis,   146, 

local  increase  of,  in  inflam- 

mortality of,  447 

148 

mation,  1 16 

muscle  re                 139 

(avian  oil  producing,  140 

Temperature  in  aseptic  fever, 

muscles  in,  masstier,  43S 

I,  «4' 

320 

nerve-changee  m,  444 

etiology,  151 

in  suppurative  fever,  328 

nerve-injury    a     cause    of. 

I,   159 

in  traumatic  fever,  317 

435 

red    by   season   of   the 

in  hospital  gangrene,  426 

nerve-origin,  434 

year,  150 

in  bj                    .  459 

iiortem     changes    in. 

fluctuation,  158 

in  pyemia,  367 

443 

foreign  bodies  cannot   pro- 

in sapneinia,  345 

scar-,  435 

duce,  I43 

in  septicemia,  346 

spasm  in,  tonic,  458 

locality  as  favoring,  151 

in  shock,  294 

spasms  in.  439 

middle-ear,    curetting    the 

in  tetanus  440 

stryebniaq                      nutat- 

limsei m,  379 

Tendon  cicatrix.  234 

ing.  445 

mitosis  in,  155 

healing  of,  232 

tern )K rat u re  in,  440 

necrosis    the    result  of,  in 

repair,  232 

wounds    in,    character    of, 

litis,   199 

blood -clot  in,  233 

443. 

symptoms  in  constitutional, 

slumbering  cell^  in,  234 

following    punctured 

158 

union  of,  after  section,  235 

wounds,  436 

1                872 

/.V,< 

Tetany,  446 

,  ;»tho- 

Tut»                    ..theboid  c*$» 

Therapy,  blood -serum  in,  Ijj 

i|,  30,  S07 

in.  506 

Thiersch  skin-grafting,  189 

inflamed,  fibrin    form. 

exanthemata,  ■  predupt»ui| 

solution,  S31 

to8 

cause.  5 1 1 

'l' in mt,  acute    tnfeotiom 

1  in,  toS 

eaperimenUJ,  | 

t)  niinuiii.in  of,  diagno- 

in    inflammation,  action  of, 

fistula  m  Alio,  567 

101 

s»2 

tuberculosis  of,  565 

elasticity  ol 

Thrombi,  infective,  147 

Tongue,  black,  397 

gonorrhi  ra  a  factor  in  torts* 

l'uI.-u  ifii  necrosis  after, 

1    1, se*  Can,: 

1  l8 

of  tlie  frog                   caused 

hn 

ThromUi-ohlci  u...  147 

by  li                 ;.  97 

.  508 

m  pyimus,  361 

tuberculosis  of. 

hydn                       531 

Thi                                   ,.pe»r- 

warts  a  pre -cancerous  Stage 

infection  in.  61 

ancc  of  tissue  all.  1 ,  1 4-'-' 

in  the,  '179 

aided    by 

a-mie,  361,  375 

wooden-,  476 

of  facial   vein  in  carbuncle 

,  tarcoooa  <>(,  7-$ 

gem' 

Of  lip,  l8o 

Tooth-filling,    antiseptics    of, 

intra                511 

Thrombus  formation  Id  infec- 

815 

through  the  »»in,  510 

tive  inflammation,  147 

377 

organization  of,  after  ligature 

iimm,  152 

in  joints.  514. 

of  an  artery,  352 

Trauma  a  cause  of  inflamma- 

pcra- 

role  of,  after  ligature  of  arte- 

tion, I2t 

>  534 

ries,  254 

-posing  cause  of  septi- 

in milk.  509 
often  multiple,  512 

Thymus  gland  (*ee  Clan  . 

caemia,  341 

Thyroid,  accessory,  745 

relation  <>i,  in   tnlw-i 

5^3 

extract,      treatment      with, 

al  teatide,  577 

747 

tuunT-  from,  < 

peeudo  ,  595 

Tissue,    appearance    of,    after 

Traumatism      in     cancer    of 

psoas  abscess,  J 

iive  inftanu 

1 ,  663 

rice-bodies.  590 

.48 

Treatment  of  wounds,  S07 

wa-i'oyagc  in,  580 

abscess,  wall  of,  1  PI 

Trephining    in    osteomyelitis, 

bone.  *ie-  1  s                ,  in  hip- 

211 

MD-t 

ji'i                    t  ]6 

-neurosis,  1 

cicatricial,  contraction,  226 

.nans,  600 

i  onm  ctrte,  -■  10,  665 

Tubercle,     anatomical,    510, 

Mission  of.  in  the  rite 

inflammation  of,  in  pya?- 

562 

Of   CI: 

'•"',  375*  376 

subn                    Oil  In,  506 

urei! 

granulation,  157,  226 

1     I;  ,849 

verru 

epithelioid  cells  in,  220 

Tubeteitloala,  504-528 

vertebi                 a  coenmoa- 

intercellular  substance  in. 

abscesses.  Cold, 

229 

dulcs. 

s|-mdle-cc]ls  in,  227 

CIS 

vascular  loop*  in,  228 

ill  in,  505 

Tubei 

medullarv                       u-teo- 

ning  sputa  for  the,  57 

women,  579 

malacia,  598 

bacll 

yi} 

dtangea              dtie  de- 

|]   «    nf. 

at<soi|iii(fii     of     ii-.«ea«ed 

formans.  50S 

505 

portion,  522 

nerve,  repair  in  brain,  j.j: 

Ziehl'A    melho d 

from    pre-existing    tissue, 

ing  for.  57 

238 

cartilage  in,  ulceration  of. 

new,  capillary  development 

531 

M    most    usually  at- 

in. 22Q 

cheesy       degeneration      in, 

tacked,  53$ 

repair  in  granulation,  vascu- 

5°7 

•  ft.  521 

■ps  in,  22S 

connective-ti^Mi 

secondary  charge*.  - 

Tissue-cells,    proliferation   of. 

lung. 

in  intlnrnii.ilii  11,  104 

S09 

repair  of,  proceaa,  104 

contagiousness  of,  504 

au  tubes. 

Tissue-metamorphosis,  the 

;6o 

grt»                             "4j 

103 

degeneration     in     tubercle. 

'Issues,  action    of  strcptococ- 

507 

140 

direction  of  disease  ii 

ant  1 

bacterial    development    in. 

ito-n mian"  tract. 

i..nr.j;rr.;»ht    ;-      ;  -, 

mechanical    conditimis 

nee    of   virus,   mode. 

149 

508 

pain  in,  540 

IXDEX, 

s;3 

Tuberculosis,  joint-,  resection 

Ulcer,  erethistic,  1S6 

Vesicles  in  erysipelas,  389 
Vesicula  seminabs,  lubcrculo- 

55* 

fungous  187 

treatment  of,  iodoform  in. 

inflammatory,  1S4 

'    578 

54» 

nial-perfaraut,  1 85 

Vessel-wall   in    inflammation, 

]  1  uiter  of  Pans  in,  546 

denic,  188 

changes  in,  95 

of  kidneys,  581 

nam  pressure,  185 

Vessel-walls,      in  0  ie c u  1 1  f 

of  knee-joint,  536 

rodent,  649-655 

changes  in,  causes   o( 

of  lymphatic  glands,  prog- 

malignancy  of,  654 

lory    phenom- 

-, 588 

treatment,  66 1 

ena,  It8 

of  lymphatics,  585-589 

treatment  of.  188 

stomal 

df  mamma,  5B3.  584 

varicose,  184 

inflammation,  1 1  > 

of  membrane,  519 

Ulceration  of  cartilage  in  tu- 

\'mi-.  erysipelas,  382 

of  abscess,  520 

berculosis,  531 

hydrophobia,  increased  vir- 
ulence, 465 

of  mucous  membrane,  565 

endocarditis    in,    363,    365, 

of  muscles,  593 

372 

11  of,  464 

of  omentum,  750 

Ulcerations,  tuberculous,  563 

tuberculosis,  mode   of    en- 

of ovaries,  576 

Ulcers,  phagedenic,  rSS 

trance,  508 

of  rectum. 

PpBS)  189 

\  omiting  mi  shock,  294 

of  ribs  526 

l-.r|ml,  JOT.        - 

Valve,  bacteria  of,  825 

of  sacroiliac  synchondrosis, 

Urea,  excretion  of,  312 

1    "75 

528 

in  urine,  794 

sterilization  of,  83 1 

of  shoulder-joint,  caries  sic- 

Urethra, disinfection  of,  830 

tuberculosis  of,  574 

ca  in,  5j8 

male,  bacteria  of,  S24,  825 

of  skin,  558 

tuberculosis  of,  5*1 

Wai  l  of  Rbseeee  tissue,  157 

treatment,  563 

Urinary  casts,  792 

Wert,  venereal,  752 

of  sternum,  527 

conditions  in  surgical    diag- 

Warts  a  precancerous  stage  in 

of  tendon-sheaths,  589 

•  79° 

the  tongue,  679 

symptoms  591 

Urine,  amount  of,  790 

n  the  knee,  544 

treatment,  593 

bacteriological   examination 

Wens,  orbital,  75  * 

of  testicle,  576.  5  So 

of,  790 

White  blood-count,  7S6 

relation    of    trauma    to, 

color  of,  ;,r 

Whitlow,  melanotic,  710 

577 

extravasation   of,  cause  of 

Women,  tuberculosis  of  blad- 

symptoms,  57a 

gangrene,  170 

dei  in,  579 

of  throat,  565 

in  pycemia,  370 

Wooden-tongue,  476 

of  tongue,  566 

Urobacillu-.  li.|ucfaeiens  septi- 

Wool-sorters'  disease,  76,  479 

of  urethra,  581 

ens.  826 

Wound,  closing  of,  Sll 

of  uterus,  573 

Untropme,  S34 

erysipelas,  condition  of,  390 

of  vagina,  574 

Uterus,  cancer  of  (see  C 

treatment,  407 

of  vulva,  574 

diagnosis,  676 

flaps,  coaptation  of,  222 
Wound-healing,  22 1 

Tumor  tlbtts,  537 

hemorrhage,      an 

inflammation  a  symptom  of, 

lympiom  of,  676 

nice  of,  801 

111 

heredity  in.  673 

mem.    immobility    in, 

Tumors,  633 

hydrometra  in,  675 

8it 

benign.  737 

myoma  of,  775 

Wotmda,  oi-setiing-room,  350 

bone,  myeloid,  713 

pregnancy  a  cause  of,  673 

dressings  for,  81 1 

classification,  637 

sarcoma  of,  720 

dryness  of,  810 

embryonic  theorv  of  origin, 

tub'- 1                     573 

n flection    of,   in   same 

635       t 

person  in  hospital  gan- 

heredity, 636 

Vaccination  against  bacillus 

grene,  419 

heterologous  634 

null  mo-,  "  \ 

punctured,  followed  by  teta- 

: 

erysipelas  following,  385 

nus.  436 

from  trauma.  636 

Vagina,  sterilization  of.  83I 

treatment  uf.  807 

Turpentine,  Chian,  in  cancer. 

tuberculosis  of,  574 

701 

Vapor-bath  in  tetanus,  450 

X   l  AY   tHEfcMATTTlS.  800 

Typhoid,  bone,  I93 

Vascular  loops  in  granulation 

X-rays  in  diagnosing  fracture, 

>xicon,  342 

it.sr.in-,  228 

797     ' 

Vaso-constricior  nerves,  82 

renal  calculi.  798 

Ulcer,  i 

motor  centre,  81 

in  locating   foreign  bodies, 

pigment  in,  184 

disturbance    cau.se  of   >ym- 

797 

callous,  1S7 

metrical  gangrene,  274 

Xetodenne  pigmentosum,  660 

Caused  by  infectious  •  1 

theory  of  shock,  280 

Xerosis  bacillus,  8r8 

182 

Venom    secretion   of    snakes, 

balsam,  29 

characteristics  of,    anatomi- 

496 

cal.  [82 

Vertebral  column,  commonest 

Zieht.'s  solution,  27 

defined,  182 

seat  of  tuberculosis,  523 

Zymotic  disease,  1 7 

i 

Skin,  Genito-Urinary 

Diseases,  Chemistry,  and 

Eye,  Ear,  Nose,  and  Throat 


W.  B.  SAUNDERS  6?  COMPANY 


925  WALNUT  STREET 

NEW   YORK 

Fuller  Building,  5th  Ave.  and  23d  St. 


PHILADELPHIA 

LONDON 
9.  Henrietta  Street,  Covent  Garden 


MECHANICAL    EXCELLENCE 

"■LTOT  alone  for  their  Literary  excellence  have  the  Saunders  publi- 
*~  cations  become  a  standard  on  both  sides  of  the  Atlantic :  their 
mechanical  perfection  is  as  universally  commended  as  is  their  sci- 
entific superiority.  The  most  painstaking  attention  is  bestowed 
upon  all  the  details  that  enter  into  the  mechanical  production  of  a 
book,  and  medical  journals,  both  at  home  and  abroad,  in  review 
the  Saunders  publications,  seldom  fail  to  speak  of  this  distinguishing 
feature.  The  attainment  of  this  perfection  is  due  to  the  fact  that  the 
firm  has  its  own  Art  Department,  in  which  photographs  and  drawings 
of  a  very  high  order  of  merit  are  produced.  This  department  is  of 
decided  value  to  authors,  in  enabling  them  to  procure  the  services  of 
artists  specially  skilled  in  the  various  methods  of  illustrating  medical 
publications. 

A  Complete  Catalogue  of  our  Publications  will  be  Sent  upon  Request 


SAUNDERS'    BO 


StelwagonV 
Diseases  of  the  Skin 


A  Treatise  on  Diseases  of  the  Skin.     For  Advanced  Studen 
Practitioners.     By  Henry   W.  Stelwagon,  M.  D.,  Ph.D.,  Clinical  Pro- 
fessor of  Dermatology,  Jefferson  Medical  College  and  Woman's 
College,  Philadelphia ;   Dermatologist  to  the  Howard  and  to  the 

delphia  Hospitals.     Handsome   octavo  of  1115   pages,  wit! 
cuts  and  26  full-page  colored  lithographic  and  half-tone  plates. 
56,00  net ;  Sheep  or  Half  Morocco,  $7.00  net 

COMBINING  A  THOROUGH  TREATISE  WITH  A  COMPLETE  ATLAS 
SECOND   EDITION  —  FIRST  EDITION    EXHAUSTED   IN   SIX    MONTHS 

The  exhaustion  of  the  first  edition  of  this  work  in  a  period  of  six  months,  aad 
the  many  complimentary  review  notices  have  been  exceedn 
a  kind  reception  permits  the  inference  that  the  predominant  aim  Ice] 
its  preparation,  of  giving  the  general  physician  a  treatise  written  on  plain  and 
practical  lines,  with  abundant  helpful  case-illustrations,  has  been  successful. 
While  the  short  time  that  has  elapsed  since  its  appearance  makes  a  retision 
unnecessary,  the  author  has  taken  advantage  of  this  opportunity  to  correct  some 
typographical  errors,  and  to  change  a  few  expressions  that  seemed  of  somewhat 
ambiguous  meaning. 

PERSONAL  AND   PRESS  OPINIONS 


John  T.  Bowen,  M,  D.. 

Prefestor  *f  D*rmatcU&,  tiarwtrd  C  /,  Bottom 

"It  gives  me  great  pleasure  to  endorse  F  h   Stetwftgon'l 
is  a  marked  feature.     It  is  .ilso  very  carefully  compiled.     It  is  one  at  the  l»e<t  text -book*  ttl 

published  and  a  credit  to  American  dermatology." 

Grover  W.  Wende.  M.D.. 

ChnicM  Pr<>feisor  of  Dermaiohgy,   University  cf  Suf  | 

"  I  have  terommended  that  the  work  be  included  in  the  calalogur 

Buffalo.     I  think  you  are  to  be  congratulated  on  bringing   out  one  of   (he   veq  belt 

published  in  the  English  language." 

Boston  Medical  and  Surgical  Journal 

"  We  can  cordially  recommend  Dr.  'V-$ttoa  •»  Ui«  b*«* 

book  on  dermatology,  for  the  advanced  student  and  general  practitioner,  that  ha*  bees 
strictly  up  to  date.  .  .  .  The  photographic  illustrations  are  numerous,  and  matty  of  Ufcr 
of  great  excelled 


DeSchweinitz's 
Diseases  of  the  Eye 

Fourth  Edition.  Revised,  Enlarged,  and  Entirely  Reset 


Diseases  of  the  Eye:  A  Handbook  of  Ophthalmic  Practice. 
By  G.  E.  DeSchweinitz,  M.D.,  Professor  of  Ophthalmology  in  the  Uni- 
versity of  Pennsylvania,  Philadelphia,  etc.  Handsome  octavo  of  773 
pages,  280  text-illustrations,  and  6  chromo-Iithographic  plates.  Cloth, 
§5.00  net ;  Sheep  or  Half  Morocco,  $6.00  net. 

WITH    280   TEXT-ILLUSTRATIONS   AND   6  COLORED    PLATES 

In  this  new  edition  the  text  has  been  thoroughly  revised,  and  the  entire  work 
has  been  reset.  Many  new  chapters  have  been  added,  such  as  Thomson's  Lantern 
Test  for  Color- Hhndness ;  Hysteric  Alopecia  of  the  Eyelids;  Metastatic  Gonor- 
rheal Conjunctivitis  ;  Grill-like  Keratitis  (Haab);  the  so-called  Holes  in  the  Macula  ; 
Divergence-paralysis  ;  Convergence-paralysis,  and  many  others.  A  large  number 
of  therapeutic  agents  comparatively  recently  introduced,  particularly  the  newer 
silver  salts,  are  given  in  connection  with  the  diseases  in  which  they  are  indicated. 
The  illustrative  feature  of  the  work  has  been  greatly  enhanced  in  value  by  the 
addition  of  many  new  cuts  and  six  full-page  chromo-Iithographic  plates,  all  most 
accurately  portraying  the  pathologic  conditions  which  they  represent. 


PERSONAL  AND   PRESS  OPINIONS 


Samuel  Theobald,  M.D., 

Clinical  Pr.ftssor  of  Ophthalmology,  Johns  Hepku*   UntVtrxity,  D.ittimort. 
"  II  is  a  work  thai  I  have  held  in  high  esteem,  anil  Is  one  of  the  two  or  three  books  upon 
the  eye  which  I  have  been  in  the  habit  of  recommending  to  my  students  in  the  Johns  Hopkins 
Medical  School." 

Late  William  Pepper.  M.D.. 

tPnjb  -ry  jit.t  Practice  ,f  Medicine  and  Clinical  Medicine.  (  '  Pen  it- 

xylvanta. 
"A  work  that  will  meet  the  requirements  not  only  of  the  specialist,  hut  also  of  the  general 
practitioner  in  a  rare  degree.     I  am  satisfied  that  unusual  success  awafa  it." 

British  Medical  Journal 

"  A  clearly  written,  comprehensive  manual.  One  which  we  can  commend  ro  students  as  a 
reliable  text-book,  written  with  an  evident  knowledge  of  the  wants  of  those  entering  upon  the 
study  of  this  special  branch  of  medical  science." 


SAUNDERS    BOOKS    ON 


Barton  and  WelLr' 
Medical  Thesaurus 

A   NEW  WORK— JUST   ISSUED 


A  Thesaurus  of  Medical  Words  and  Phrases.     By  Wu 

BARTON,  AM  .  Assistant  to  Professor  of  Materia   Mediai  and  Thera- 
peutics, and  Lecturer  on  Pharmacy,  Georgetown  University,  V 
ton,  D.  C. ;  and  Walter  A.  Wells,  M.D.,  Demonstrator  of  L 

gology   anil    Rhinology,    Georgetown    University.   Washington,   I 
Handsome   octavo  of  about  650  pages.     Cloth,  $0.00  net;  Sheep  or 
Half  Morocco,  30,00  net. 

THE  ONLY  MEDICAL  THESAURUS  EVER   PUBLISHED 

This  work  is  the  only  Medical  Thesaurus  ever  published.  It  aims  to  perioral 
for  medical  literature  the  same  services  which  Roget'swork  has  done  for  literature 
in  general  ;  that  is,   instead  of,  as   an  ordinary    dictionary  docs.  ig  ittc 

meaning  to  given  words,  it  reverses  the  process,  and  when  the  mcanin. 
is  in  the  mind,  it  endeavors  t<>  supply  the  titling  term  or  phrase  to  express  that 
idea.     To  obviate  constant  reference  to  a  lexicon  to  discover  the  meaning  <i 
terms,  brief  definitions  are  given  before  each  word.     As  a  dictionary'  is 
to  those  who  need  assistance  in  interpreting  the  expressed  thought  of  other 
Thesaurus  is  intended  to  assist  those  who  have  to  write  or  to  speak  to  give  proper 
expression  to  their  own  thoughts.      In  order  to  enhance  the  practical  application 
of  the  book  cross  references  from  one  caption  to  another  have  been  introduced, 
and  terms  inserted  under  more  than  one  caption  when  the  nature  of  the  term 
permitted.      In  the  matter  of  synonyms  of  technical  words  the  authors  have  per 
formed  for  medical  science  a  service    never   before  attempted.       Writer^ 
speakers  desiring  to  avoid  unpleasant  repetition  of  words  will  find  this  feature 
of  the  work  of  invaluable  service.      Indeed,  this  Thesaurus  of  medical  terms  and 
phrases  will  be  found  of  inestimable  value  to  all  persons  w!  illcd  upon 

to  state  or  explain  any  subject  in  the  technical  language  of  me<l" 
class  belong  not  only  teachers  in  medical  colleges  and  authors  of  medical  books, 
but  also  every  member  of  the  pi  who  at   some  time 

deliver  an  address,  state  his  experience  before  a  medical   & 
the  medical  press,  or  give  testimony  before  a  court  as  an  expert  mitnes*. 


EYE,  EAtt    NOS£,  AND    THROAT, 


American  Text-Book  qf 
Eye,  Ear,  Nose,  and  Throat 

American  Text-Book  of  Diseases  of  the  Eye,  Ear,  Nose,  and 
Throat.  Edited  by  G.  E.  deSchweinitz,  M.D.,  Professor  of  Ophthal- 
mology' in  the  University  of  Pennsylvania  ;  and  li.  Alexander  Randall, 
M.  D.,  Clinical  Professor  of  Diseases  of  the  Ear  in  the  University  of 
Pennsylvania.  Imperial  octavo,  1251  pages,  with  766  illustrations,  59 
of  them  in  colors.    Cloth,  S7.00  net;  Sheep  or  Half  Morocco,  S8.00  net. 

This  work  is  essentially  a  text-book  on  the  one  hand,  and,  on  the  other,  a 
volume  of  reference  to  which  the  practitioner  may  turn  and  find  a  series  of  articles 
written  by  representative  authorities  on  the  subjects  portrayed  by  them.  There- 
fore, the  practical  side  of  the  question  has  been  brought  into  prominence.  Par- 
ticular emphasis  has  been  laid  on  the  most  approved  methods  of  treatment, 

American  Journal  of  the  Medical  Science* 

"  The  different  articles  are  complete,  forceful,  and,  if  one  may  be  permitted  to  use  the  term, 
'snippy."  in  decided  contrast  to  some  of  thr  labored  but  not  more  learned  descriptions  which 
have  appeared  in  the  larger  system i  of  ophthabnolo 


Hyde  and  Montgomery's 
Syphilis  and  Venereal 


Syphilis  and  the  Venereal  Diseases,  By  James  Xm.  ins  Hyde, 
M  1  >..  Professor  of  Skin,  Gcnito-Urinary,  and  Venereal  Diseases,  and 
Frank  H.  MONTGOMERY,  M.  D.,  Associate  Professor  of  Skin,  Genito- 
urinary, and  Venereal  Diseases  in  Rush  Medical  College,  in  Affiliation 
with  the  University  of  Chicago,  Chicago.  Octavo  volume  of  594  pages, 
profusely  illustrated.     Cloth,  $4.00  net. 

SECOND  EDITION.  REVISED  AND  GREATLY  ENLARGED 

In  this  edition  every  page  has  received  careful  revision  ;  many  subjects, 
notably  that  on  Gonorrhea,  have  been  practically  rewritten,  and  much  new  mate- 
rial has  been  added.  A  number  of  new  cuts  have  also  been  introduced,  besides 
a  series  of  beautiful  colored  lithographic  plates. 

American  Journal  of  Cutaneous  and  Genito-Urinary  Diseases 

"  It  is  1  plain,  practical,  and  up-to-date  manual  containing  just  the  kind  of  information 
thai  physicians  need  to  cope  successfully  with  a  troublesome  class  of  diseases.'* 


A_ 


YDEKS'     BOi 


GET 

THE  BEST 


THE  NEW 
STANDARD 


American 
Illustrated  Dictionary 

Third  Revised  Edition — just  issued 


The  American  Illustrated  Medical  Dictionary.     A  new  and  com- 
plete dictionary  of  the   terms    used  in    Medicine,  Surgery.    Demi 
Pharmacy,  Chemistry,  and  kindred  branches;  with  over    l oo  new  and 
elaborate  tables  and  many  handsome  illustrations.     By  \Y.  A,  Xewjcas 
UokLAMi,  M.  D.,  Editor  of  "The  American  Pocket  Medica! 
ary."     Large  octavo,  nearly   Soo  pages,  bound  in  full  flexible  leat 
Price,  S4.50  net ;  with  thumb  index,  $5-00  net. 

THIRD  EDITION  IN  THREE  YEARS— 12.500  COPIES 

In  this  edition  the  book  has  been  subjected  to  a  thorough  revision.  The 
author  has  also  added  upward  of  one  hundred  important  new  terms  that  have 
appeared  in  medical  literature  during  the  past  few  months. 

Howard  A.  Kelly.  M.  D.. 

Professor  .•/  GjHHtCoUtgy,  Jtkm  i/y.  /i.j.'/in, 

"Dr.  Doifud's  Dictionary  is  admintble.     It  15  so  well  gotten  up  and  of  such  eoawmcfti 
sue,     No  errors  have  been  found  in  my  dm 

American  Year-Book 


Saunders"   American   Year-Book  of  Medicine  and   Surgery 

Yearly  Digest  of  Scientific  Progress  and  Authoritative  Opinion  in  all 

Branches  of  Medicine  and  Surgery,  drawn  from  journ.  'graphs, 

and  text-books  of  the  leading  American  and  foreign  ai 

tigators.     Arranged,   with    critical    editorial    comments,   by    eminent 

American  specialists,  under  the  editorial  charge  o!    1 

A.  M.,  M.  D.     In  two  volumes  :  Vol.  I. —  Gi  m 

pages,  illustrated  ;  Vol.  II. — Genera!  Surgery,  octavo,  684  pages,  1 

trated.     Per  vol.:  Cloth,  $3.00  net;   Half  Morocc  t.     St4d 

i>v  Subscription. 

In  these  volumes  the  reader  obtains  not  only  a  ycarb   1 
invaluable  annotations  and  criticisms  of  the  edit  |  the 

Year-Book  is  amply  illustrated. 

The  Lancet,  London 

"  It  is  much  more  than  a  mere  compile  uttttJ  1 

experienced  and  able  contributors,  ihc  reader  ha  ai  coma 

tarics  and  caposVitous  .  .  .  proceeding  from  writers  fully  qualified  10  perform  these  I 


Gradle's 
Nose,  Pharynx,  and  Ear 

Diseases  of  the  Nose,  Pharynx,  and  Ear.  By  Henry  Grai>le, 
M.  D.,  Professor  of  Ophthalmology  and  Otology,  Northwestern  Uni- 
versity Medical  School,  Chicago.  Handsome  octavo  of  547  pages, 
illustrated,  including  two  full-page  plates  in  colors.     Cloth,  S3. 50  net 

INCLUDING  TOPOGRAPHIC  ANATOMY 

This  volume  presents  diseases  of  the  Nose.  Pharynx,  and  Ear  as  the  author 
has  seen  them  during  an  experience  of  nearly  twenty-five  years.  In  it  are 
answered  in  detail  those  questions  regarding  the  course  and  outcome  of  diseases 
which  cause  the  less  experienced  observer  the  most  anxiety  in  an  individual  case. 
Topographic  anatomy  has  been  accorded  liberal  space. 

Pennsylvania  Medical  Journal 

"This  is  the  most  practical  volume  on  the  nose,  phaiynx.  Hid  ear  Hurl  has  Appeared 
recently.  ...  It  is  exactly  what  the  le?.s  experienced  observer  needs,  ns  il  avoids  the  confusion 
incident  to  a  categorical  statement  of  everybody's  opinion." 

Kyle's 
Diseases  of  Nose  and  Throat 


Diseases  of  the  Nose  and  Throat.  By  D.  Bit  a  den  Kyle.  M.  D.r 
Clinical  Professor  of  Laryngology  and  Rhinology,  Jefferson  Medical 
College,  Philadelphia;  Consulting  Laryngologist,  Rhinologist,  and 
Otologist,  St.  Agnes'  Hospital.  Octavo,  646  pages;  over  150  illus- 
trations, and  6  lithographic  plates  in  colors.     Cloth,  $4.00  net. 


THIRD   REVISED   EDITION-JUST    ISSUED 


E_ ... 
years.     In  this    edition  the  author   has   revised   the   text    thoroughly,   brin 
it  absolutely  down  to  date.     With  the  practical  purpose  of  the  book  in  mind,  ex- 
tended consideration  has  been  given  to  treatment,  each  disease  being  considered  in 
full,  and  definite  courses  being  laid  down  to  meet  special  conditions  and  symptoms. 


Dudley  S.  Reynolds,  M.  D.. 

Formerly  Professor  of  Ophthalmology  and  Otology,  Hospital  College  of  M  •■  tsville. 

\\  fa  an  important  addition  to  the  text-books  n  Bud  is  better  adapted  to  the 

of  the  student  than  any  other  work  with  which  I  am  lamili.ir,      I  shall  be  pleased  to  commend 
Dr.  Kyle's  work  as  the  beet  text-book," 


Brtihl,  Politzer,  and  Smith's 
Otology 


Atlas  and   Epitome  of  Otology.     By   GtJSTAV    BRUHL, 

Berlin,  with   the   collaboration   of   PROFESSOR    Dr.  A.   Politzer.  of 
Vienna.     Edited,  with   additions,  by  S.  MacCuen  Smith,  M    I',  Gin-' 
ic.il    Professor    of  Otology,   Jefferson    Medical    (  Iphtt. 

With   244  colored  figures  on   39  lithographic  plates,  99  text   Oil 
tions,  and  292  pages  of  text.     Cloth,  $3.00  net     In  Saunders*  H 
Adas  Series, 

INCLUDING  ANATOMY  AND  PHYSIOLOGY 

The  work  is  both  didactic  and  clinical   in  its  teaching.     A  special  feature  ts 
the  very  complete  exposition  of  the  minute  anatomy  of  the  ear.  a  work 

< if  which  is  so  essential  to  an  intelligent  conception  of  the  science  -  I 
The  association  of  Professor  Politzer  and  the  use  of  so  many  valuable 
froxn  his  notably  m  h  collection  especially  enhance  the  value  «»l"  il  • 
work  contains  everything  of  importance  in  the  elementary  study  of 

Clarence  J.  Blake,  M.  D., 

ProftSSQi  ■'.'  Harvard  Unneriity  Medical  Si  t m. 

"  The  most  complete  work  of  i is  kind  as  yet  publi  I  »  bofb 

the  student  and  the  teacher  in  the  lions. " 

Grtinwald  arid  Grayson's 
Diseases  of  the  Larynx 

Atlas   and    Epitome  of    Diseases  of   the    Larynx.       By    Dr,   L 

Gkunwald,  of  Munich.     Edited,  wit! 

M.  D.,  Physician-in-Charge,  Throat  and  Wise   Departm 
pital  of  the  University  of  Pennsylvania,      With  107  colon 
44  plates,  25  text-illustrations,  and    103  pages  of  text.     Cloth, 
net.     /;/  Sounders'  Hand-Atlas  Series, 

In  this  work  the  author  has  given  special  ;ittenti.«n  1 
sections  on  diagnosis  and  treatment  being  particularly  full. 
with  a  remarkable  fidelity  to  nature,  path  nditinns  il 

a  number  of  years  to  duplicate  in  practice.     A  knowledge  of  the  I 
morbid  processes  being  essential  to  a  proper  understanding  of  the: 
showing  the  most  important  elementary  alterations,  have  been  u\<  I 

British  Medical  Journal 

**  Excels  everything  we  have  hitherto  seen  in  tsent 

irynx  .    NTot  only  valuable  for  the  leacliin  I  -h*  frritrtt 

help  to  those  vjViq  ate  ^wfeclwvg  themselves  by  private  study." 


Haab  and  DeSchwemitz's 
External  Diseases  qf  the  Eye 


Atlas  and  Epitome  of  External  Diseases  of  the  Eye.     By  Dr.  O. 

Haab,  of  Zurich.  Edited,  with  additions,  by  G,  E,  DfiScHWEINlTZ, 
M.  D.,  Professor  of  Ophthalmology,  University  of  Pennsylvania.  With 
76  colored  illustrations  on  40  lithographic  plates  and  228  pages  of 
text.     Cloth,  £3.00  net.     In  Saunders  Hand-Aflas  Series, 

•  This  new  work  of  the  distinguished  Zurich  ophthalmologist  is  destined  to 
become  a  valuable  handbook  in  the  library  nf  every  practising  physician.  The 
conditions  attending  diseases  -if  die  external  eye,  which  are  often  so  complicated, 
have  probably  never  been  more  clearly  and  comprehensively  expounded  than  in 
the  forelying  work,  in  which  the  pictorial  most  happily  supplements  the  verbal 
description.     The  price  of  the  book  is  remarkably  low. 

The  Medical  Record.  New  York 

'The  work  is  excellently  suited  to  the  student  of  ophthalmology  and  to  the  practising 
physician.     It  cannot  fail  lo  attain  a  wdl-'k-  r 

tHaab  and  DeSchweinitzV 
Op  h  t  hal  moscopy 
Atlas   and    Epitome  of   Ophthalmoscopy   and    Ophthalmoscopic 
Diagnosis.     By  Dr.  O.  Haab,  of  Zurich.     From  the   Third  Revised 

and  Enlarged  German  Edition.  Edited,  with  additions,  by  G.  E. 
deSchweinjtz,    M.    D.,   Professor  of    Ophthalmology,    University   of 

(Pennsylvania.      With    152    colored    lithographic    illustrations   and    85 
pages  of  text.     Cloth,  $3.00  net.     In  Saunders'  Hand- At/as  Se, 
ice 
tra 
opl 


The  great  value  of  I'rof.  Haab' 5  Atlas  of  Ophthalmoscopy  and  Ophthalmo- 
opie  Diagnosis   has  been  fully  established  and    entirely  justified    an    English 
nslation.     Not  only  is  the  student  made  acquainted  with   carefully  prepared 
ophthalmoscopic  drawings  done  into  well-executed  lithographs  of  the  most  im- 
c  "it  ,nt  fundus  changes,  but,  in  many  instances,  plates  of  the  oiicrascopic  lesions 
are  added.     The  whole  furnishes  a  manual  of  the  greatest  possible  service. 


The  Lancet,  London 

"We  recommend  it  as  a  work  that  should  be  in  the  ophthalmic  wards  or  in  the  library  of 
every  hospital  into  which  ophthalmic  cases  arc  received." 


lO 


SAUNDERS1    BOOK, 


American   Text-Book    of 

Genito-Urinary,  Syphilis,  Skin 


American  Text-book  of  Genito-Urinary   Diseases,  Syphilis,  and 
Diseases  of  the  Skin.      Edited  by  L.  BOLTON  BANCS,  M.  1  >.,  late  I 

of  Genito-Urinary  Surgery,  University  and   Bellevue  Hospital  Medical 
College,  New  York  ;  and  W.  A,  1  EarsaWAY,  M.  D.,  Professor  of  Diseases 
of  the  Skin,  Missouri  Medical  College.     Imperial   octavo.   i22< 
with   300  engravings,  20  colored  plates  S/.OO  fie 

Half  Morocco,  £8.00  net. 

CONTAINING  20  COLORED  PLATES 

This  work  is  intended  for  both  the  student  and  practitioner,  giving,  as  it  doe*, 
a  comprehensive  and  detailed  presentation  of  the  subject 
is  original  and  fully  representative.       The  illusirau"ns,   many    cf  «hirh   .-> 
colors,  portray  the  conditions  with    rare   fidelity,  and  will  be   found  imalua 
an  aid  in   diagS 

Journal  of  the  American  Medical  Association 

'  This  voluminous  work  is  thoroughly  ..hapten  on  gcnilo-unnary  dis- 

eases are  especially  valuable.     The  illustrations  are  fine  and  are  mostly  original.      ' 
on  dermatology  is  concise  and  in  every  way  admirable." 

SennV 

Genito-Urinary  Tuberculosis 

Tuberculosis  of  the  Genito-Urinary  Organs,  Male  and  Female. 

By  N.  Senn,  M.D.,  Ph.D.,  LL.D.,  Professor  of  Surgery  in  Rush  Med- 
ical  College;  Attending  Surgeon  to  the  Presbyterian  Hospital,  Chicago. 
Octavo  volume  of  317  pages,  illustrated.     Cloth,  $3.00  net. 

MALE  AND  FEMALE 

Tuberculosis  of  the  male  and  female  genito-urinary  orgatM  «  frttjueia 

distressing,  and  fatal  affection  that  a  special  treatise  1  ippears  to  fill  a 

gap  in  medical  literature.      In  the  present  work  the  i  t  hai 

received  due  attention,  the  modern  resources  employed  in  the  differential  diagnosis 
between  tubercular  and  other  inflammatory  affections  are  fully  described,  and  ike 
medical  and  surgical  therapeutics  are  discussed  in  detail 

British  Medical  Journal 

"  The  book  will  well  repay  perusal.     It  is  the  finnl  word,  m*  onr  knowledge  staawis.  ope* 
the  diseases  ol  wYucb  Vv  V\ea\s,  «,vA  *r\\Y  add,  Va  Vl\e  refutation  of  its  distinguished  aether " 


DISEASES   OF   THE  SKIN, 


Mracek  and  Stelwagon's 
Diseases  of  the  Skin 

Atlas  and  Epitome  of  Diseases  of  the  Skin.  By  Prof.  Dr.  Franz 
Mracek,  of  Vienna.  Edited,  with  additions,  by  Henry  W.  Stelwagok, 
M.  D.,  Clinical  Professor  of  Dermatology,  Jefferson  Medical  College, 
Philadelphia.  With  63  colored  plates,  39  half-tone  illustrations,  and 
200  pages  of  text.     Cloth,  S3. 50  net.     In  Sounder/  Hand- Alias  Sims. 

CONTAINING  63  COLORED   PLATES 

This  volume,  the  outcome  of  years  of  scientific  and  artistic  work,  contains, 
together  with  colored  plates  of  unusual  beauty,  numerous  illustrations  in  black, 
and  a  text  comprehending  the  entire  field  of  dermatology-  The  illustrations  are 
all  original  and  prepared  from  actual  cases  in  Mracek' s  clinic,  and  the  execution 
of  the  plates  is  superior  to  that  of  any.  even  the  most  expensive,  dermatologic 
atlas  hitherto  published. 

American  Journal  of  the  Medical  Sciences 

"The  advantages  which  we  ^ee  in  this  book  and  which  recommend  it  to  our  minds  are: 
First,  its  handiness;  secondly,  the  plates,  which  are  excellent  as  regards  drawing,  color,  and  the 
diagnostic  points  which  they  bring  out," 

Mracek  and  Bangs' 
Syphilis  and  Venereal 

Atlas    and    Epitome   of    Syphilis    and    the    Venereal    Diseases. 

By  Prof.  Dr.  Franz  Mracek,  of  Vienna.     Edited,  with  additions,  by 
L.  Bolton  Bangs,  M.  D,,  late  Prof,  of  Genito-Urinary  Surgery,  Univer- 
sity and  Bellevue  Hospital    Medical  College,  New  York.      With  71 
colored  plates  and  122  pages  of  text.     Cloth,  £3.50  net.     ///  Sauna 
Hand- Atlas  Series, 

CONTAINING   7\   COLORED  PLATES 

According  to  the  unanimous  opinion  of  numerous  authorities,  to  whom  the 
original  illustrations  of  this  book  were  presented,  they  surpass*  in  beauty  anything 
of  the  kind  that  has  been  produced  in  this  field,  not  only  in  Germany,  but 
throughout  the  literature  of  the  world. 

Robert  L.  Dickinson,  M.D., 

Art  Editor  of  "  The  American  Text-Book  ••/  Otifetrics." 
"  The  book  that  appeals  instantly  to  mc  for  the  strikingly  successful,  valuable,  and  graphic 
character  of  its  illustrations  is  the  'Atlas  of  Syphilis  and  the  Venereal  Diseases'     I  know  of 
nothing  in  this  country  that  can  compare  with  it  " 


. 


Grant's 
Face,  Mouth,  and  Jaws 

A  Text-Book  of  the  Surgical  Principles  and  Surgical  Diseases  of 
the  Face,  Mouth,  and  Jaws.     For   Dental  Students.      By   H.  Horace 
Grant.  A   M..   M.  D.,   Professor  of  Surgery   and  of  Clinical  Surgery. 
Hospital  College  ot    Medicine;   Professor  o(  Oral  Surgery,  Loui- 
College  of  Dentistry,  Louisville.     Octavo  volume  of  231    pages, 
68  illustrations.     Cloth,  $2.50  net. 

FOR    DENTAL    STUDENTS 

This  text-honk,  designed  for  the  student  of  dentistry,  succinctly  expla 
principles  of  dental  surgery  applicable  to  all  operative  procedures,  and  also  dis 
cusses  such  surgical  lesions  as  are  likely  tn  require  diagnosis  and  perhaps 
ment  by  the  dentist.      The  arrangement  and  subject- tn  er  the  needs  1 

dental  student  without  encumbering  him  with  any  details  foreign  to  the 
instruction  usually  followed  in  dental   colleges  at  the  present  time.     The 
includes,    moreover,    such  emergency   procedures  as   not  alone  the  den! 
physician,  but  also  the  layman,  may  be   called  upon  to  perform.      These,  lik 
other   subjects  in  the  book,  have   been   described   in  clear,  concise   language. 

Grtinwald  and  Newcomb's 
Mouth,  Pharynx,  and  Nose 


Atlas   and    Epitome   of  Diseases   of  the    Mouth,   Pharynx,  and 

Nose.     By  Dr.  L,  Gkunwald,  of  Munich.     /  urJ 

■'  Enlarged  German  Edition.  Edited,  with  additio 
Xi  wcomb,  M.  D.,  Instructor  in  Laryngology,  Cornell  I 
School.     With   102  illustrate  graphic  plate 

text-cuts,  and  219  pages  of  text.      Cloth,  33>oo  net.      in  Saundcrf 
Hand-Atlas  Scries. 

INCLUDING  ANATOMY  AND   PHYSIOLOGY 

In  designing  this  atlas  the  needs  of  both  student  and  pi  re  kept 

constantly  in  mind,  and  as  far  as  possible  typical  cases  of  the  \ 
were  selected.     The  illustrations  are  described  in  the  text  in  •  san»e«ij 

as  a  practised  examiner  would  demonstrate  the  objective 
book  thus  serving  as  a  substitute  for  actual  clinical  work       Tl 
selves  are  numerous  and  exceedingly  well  executed,  port 
strikingly  that  their  study  is  almost  equal  to  examination  •  i  t 
The  editor  has  incorporated  his  own  valua 
extensive  notes  on  the  use  of  the  active  principle  ol 
materia  med\ca  tf  vYwwoV^n  «cv&.\otjto&&»c]. 


Jackson  on  the  Eye 


A  Manual  of  the  Diagnosis  and  Treatment  of  Diseases  of  the  Eye, 
By  Edward  Jackson,  A.  M.f  M.  D.,  Emeritu.s  Professor  of  Diseases  of 

Eye  in  the  Philadelphia  Polyclinic.      12S0Q  volume  of  535   pa 
with  178  beautiful   illustrations,  mostly  from  drawings  by  the  author. 
Cloth,  $2.50  net. 

In  this  book  more  attention  is  given  to  the  conditions  that  must  be  met  and 
dealt  with  early  in  ophthalmic  practice  than  to  the  rarer  diseases  and  more  difficult 
operations  that  may  come  later.  It  is  designed  to  furnish  efficient  aid  in  the  actual 
work  of  dealing  with  disease,  and  therefore  gives  the  place  of  first  importance  to 
the  conditions  present  in  actual  clinical  work.  A  special  chapter  is  devoted  to  the 
relations  of  ocular  symptoms  and  lesions  to  general  disea 

The  Medical  Record.  New  York 

"  It  ta  truly  an  admirable  work.  .  .  .  Written  in  a  clear,  concise  manner,  it  bears  e\ 
author's  comprehensive  grs  I      The  term  '  multum  in  parvo  *  is  an  ft] 

priate  one  to  apply  to  this  work.     It  will  prove  of  value  to  all  who  are  interested  in  this  branch 
of  medicine." 


Friedrich  atid  Curtis' 
Nose,  Larynx,  and  Ear 


Rhinology,  Laryngology,  and  Otology,  and  Their  Significance  in 

Generaf  Medicine,  By  Dr.  E.  P.  Friedrich,  of  Leipzig.  Edited  by 
H.  Hulbrook  Curtis,  M.  D.,  Consulting  Surgeon  to  the  New  York  Nose 
and  Throat  Hospital.     Octavo  volume  of  350  pages.     Cloth,  S2.50  net 

INCLUDING  THEIR  SIGNIFICANCE   IN   GENERAL   MEDICINE 

In  this  work  the  author's  object  has  been  to  point  out  the  interdependence 
between  disease  of  the  entire  organism  and  diseases  of  the  nose,  pharynx,  larynx 
and  ear.  and  to  incorporate  the  new  discoveries  of  these  specialties  into  the  scheme 
of  general  medicine.  The  author  has  endeavored  to  bring  to  the  attention  of  the 
general  practitioner  special  symptoms  and  methods  of  the  greatest  importance  to 
him. 

Boston   Medical  and  Surgical  Journal 

"  This  task  he  has  performed  admirably,  and  has  given  both  to  the  general  practitioner  and 
to  the  specialist  ■  book  for  collateral  reference  which  is  modern,  clear,  and  complete." 


u 
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Ogden  on  the  Urine 


Clinical  Examination  of  Urine  and  Urinary  Diagnosis.     A  Clinical 

Guide  for  the  Use  of  Practitioners  and  Students  of  Medicine  and 
gery.     By  J,  Bergen   Ogden,  M.  D.,   Late  Instructor  in    Chemistry. 
Harvard   University   Medical   School ;    Fonm  l  ttiical 

Pathology,  Boston  City  Hospital.     Octavo,  425  pages,  34   iUustrati 
and  a  number  of  colored  plates.     Cloth,  $3.00  net, 

A  CLINICAL  GUIDE   FOR  PRACTITIONER  AND   STUDENT 

This  work  presents  in  as  concise  a  manner  as  possi 
urine  and  its  relation  to  physiologic  processes  ,  the  most  appro*  ed  ■■•  di  king   •  • 
both  qualitative  and  quantitative  ;  the  diagnosis  of  diseases  and  disturba: 
kidneys  and  urinary  passages.     Special  attention  has  been   paidtodiagE 
the  character  of  the  urine,  the  diagnosis  of  disease*  of  the  kidneys  and  urinary 
passages;   an  enumeration  of  the  prominent  clinical  symptoms  of  ease  . 

and  the  peculiarities  of  the  urine  in  certain  general  diseases. 

The  Lance*.  London 

•■  We  consider  (bjg  manual  to  have  been  mU  competed  :  HBd  the  author  s  own  exponent*. 
so  clearly  staled,  renders  the  volume  a  useful  one  both  for  study  and  rrference." 


Vecki's  Sexual  Impotence 

The  Pathology  and  Treatment  of  Sexual  Impotence.      By  Victor 

G.  Vecki,  M.  D.     From  the  Second  Revised  and    Knlarged  German 

Edition.      i2mo  volume  of  329  pages.     CI 

THIRD  EDITION.  REVISED  AND  ENLARGED 

The  subject  of  impotence  has  but  seldom  been  treated  in  this  country  in  the 
truly  scientific  spirit  that  its  pre-eminent  importance  >  luine  «nll 

come  t«  many  as  a  litic>  "f  thc-rapeuti  important 

field.     The  reading  part  of  the  English -speaking  medical  pr<  as  passed 

judgment  on  this  monograph.     The  whole  subject  of  sexual  -.d  its 

treatment  is  discussed  by  the  author  in  an  exh  end  thaKM  -:nti6c 

manner.      In  this  edition  the  book  has  been  th<*  '.-vised,  and  ne*  matter 

has  been  added,  especially  to  the  portion  flea  ling  with  treatment. 

Johns  Hopkins  Hospital  Bulletin 

\  upon  an  important  and  muc  .     The 

•1  -ntpotence  in  general  and  of  sexual  neurasthenia  is  discriminant .  ous. 


CHEMISTRY,  SKIN,  AND   VENEREAL   DISEASES. 
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American  Pocket  Dictionary  Fourth  Edition,  Revised 

T11  e  A M erican  Pi  >ck  i-:t  Medical  Dicth »n akv.  Edited  by  \\  .  .V. 
Newman  DoRLAND,  M.  D.,  Assistant  Obstetrician  to  the  Hospital 
of  the  University  of  Pennsylvania.  Containing  the  pronunciation 
and  definition  of  the  principal  words  used  in  medicine  and  kindred 
sciences.  Flexible  leather,  with  gold  edges,  $1.00  net ;  with  thumb 
index,  $1.25  net 
James  W.  Holland.  M.  D.. 

Professor  ■>/  Medical  Cktmistry  and  TexUvfogy,  and  Dean,  Jejftrsoit  Statical  College. 

Philadelphia. 
"  I  am  struck  n»  once  with  admiration  al  the  compact  size  .md  attractive  e.\t>_-rior.     I 
can  recommend  it  to  our  students  without 

Stelwagon's  Essentials  of  Skin  Fifth  Revised  Edition 

!  i-;ntial5  of  Diseases  of  the  Skin.  By  Henry  W.  Stel- 
wagon,  M.  D.,  Ph.D.,  Clinical  Professor  of  Dermatology  in  Jeffer- 
son Medical  College  and  Women's  Medical  College,  Philadelphia, 
Post-octavo  of  276  pages,  with  72  text-illustrations  and  8  plates. 
Cloth,  $[.00  net.  In  Saunders*  Qmstum-Compind  Series, 
The  Medical  Newi 

"  In  line  with  our  present  knowledge  nf  diseases  of  the  skin.  .  .  .  1  lonttauea  to  niain- 
the  high  standard  of  excellence  for  which  these  question  compends  have  been  noted." 

WolfPs  Medical  Chemistry  rath  Edition,  Revised 

Essential  of  Medical  Chemistry,  Organic  and  Inorganic. 
Containing  also  Questions  on  Medical  Physics,  Chemical  Physiol- 
ogy, Analytical  Processes,  Urinalysis,  and  Toxicology.  By  Law- 
rence Wolff,  M.  D.,  Late  Demonstrator  of  Chemistry,  Jefferson 
Medical  College.  Revised  by  Smith  Ely  Jelliffe,  M.  D.,  Ph.D., 
Professor  of  Pharmacognosy,  College  of  Pharmacy  of  the  City  1 1 
New  York.  Post-octavo  of  222  pages.  Cloth,  $1.00  net.  In 
Saunders*  Questum-Compend  Series. 

New  York  Medical  Journal 

'The  ftntihar's:  CSJefal  and  vdl-StUdJed  selection  of  the  necessary  requirements  of  the 
student  has  enabled  him  to  furnish  a  valuable  aid  to  the  student." 

Martin's  Minor  Surgery,  Bandaging,  and  the  Venereal 

Diseases  Second  Edition.  Revised 

Essentials  of  Minor  Surgery,  Bandaging,  ami  Venereal 
Diseases.  By  EDWARD  MARTIN,  A  M..  M.  D.,  Professor  of  Clin- 
ical Surgery,  University  of  Pennsylvania,  etc.  Post-octavo,  166 
pages,   with    78    illustrations.       Cloth,   £1. 00   net,     /;/    Saunders* 

Question-  Com pen,/  & 

The  Medical  News 

'The  best  condensation  of  the  subjects  of  which  it  treats  yet  placed  before  the  pro- 
ion." 

Jelliffe  and  Diekman's  Chemistry 

A  Text-B«  ok  or  Chemistry.  By  Smith  Ely  Jelliffe,  M.  D., 
Ph.D.,  Professor  of  Pharmacology,  and  George  C.  Diekman.  Ph.G., 
M.  D.,  Professor  of  Theoretical  and  Applied  Pharmacy.  College  of 
Pharmacy  of  the  City  of  New  York.  Octavo,  550  pages,  illustrated. 
In  Preparation. 
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Wolfs  Examination  of   Urine 

A  Laboratory  Handbook   of  Physiologic   Chemistry 

l  |..!\!       A  OllNA  [|n\        By  CHARLI ■>  (i,  I..  \\'m|  I  ,  M.  1  J.,   If 

Physiologic    Chemistry,  Cornell    University  Medical    Col; 

York.    1 2mo  volume  of  204  pages,  fully  illustrated.   Cloth.  $  1 .25  netl 

British  Medical  Journal 

I  lie  methods  of  t'SiUuiTin-  LTC  very  fully  described,  an-  lit* 

extensive  tables  drawn  up  to  tatUt  in 

Jackson's  Essentials  of  Eye  Third  Revved  edW 

i;  OP   REFRACTION   AND  Of  DISEASES  OF  THE  EYE.       By  I 

Edward  Jackson,  A.  M.t  M.  D«,  Emeritus  Professor  of  Diseases  of 
the  Eye,  Philadelphia  Polyclinic    Post-octavo  of  261  pages. 
trations.    Cloth,  $1.00  net.    in  SatuuUrf  Qttt&tim-CotHpend  S 

Johns  Hopkins  Hospital  Bulletin 

I  he     11  lire  ground  is  00  the  points  thai    most  need  careful  >-  ■■ 

i  id      Lett     !'■  I  i 

Gleason's  Nose  and  Throat  Third  Edition.  Revised 

Essentials  of  Disease  ii  Nose  and  Throat.     Ji>-  EL  R 

Gleason,  S.  B.,   M.  D.,   Clinical    Professor   of   Otology.    Medico- 
Chirurgical  College,  Philadelphia,  etc.     Post-octal  o,  24  112 

illustrations.     Cloth,  si. 00  net.     hi  Smenders*  Question  C^mpends, 

The  Lancet,  London 

"  The  c  1  [ttion  which  is  given  of  the  various  proce<li,  ificiem 

liable  most  people  of  I'Higence  &i 

make  a  vit  injit  .it  laryngoscopy." 

Gleason's  Diseases  of  the  Ear  Third  Edition.  Revised 

Essentials  of  Diseases  of  the  Ear,    By  l    B.  Gu 

M.  D.,  Clinical  Professor  of  Otology,  Medico-Chirurgical  1 
Phi  la.,  etc.     Post-octavo  volume  of  214  1 14  illn 

tions.     Cloth,  $1 .00  net.     In  Saunders  1 
Bristol  Medico-Chirurgical  Journal 

We   know  of  no  other   small  work    on    ear   diseases  to  compare  w  f 
ness  of  style  or  completeness  Df  Information 

Wolffs  Essentials  of  the  Urine 

Essentials  of  Examination  rare,  Chemical  and  M 

scopic,  for  Clinical   Purposes,     By  Laws  Wolff,  M.D., 

Late  Demonstrator  of  Chemistry,  Jefferson  M  Phila- 

delphia,    Post-octavo,  66  pages,  illustrated.     Cloth,  ;  net. 

///  Sounders*  Question  Compends. 

Brockway's  Medical  Physics  second  Edition.  Revised 

Essentials  of  Medical   Physics.     Bj 
M.  D„  Late  Assistant  I  lemonstrai 
dans  and  Surgeons,  New  York.     Poa 
illustrations.     Cloth,  Si. 00  net.     In  v 
Medical  Record.  New  York 

*'  It  contains  .ill  ihul  one  need  know  on  the  subject  >s  wrll  written.  *nd  i$  cop- 
illustrated." 
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